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USE OF AN ANGIOGENIC FACTOR FOR THE TREATMENT OF MICROVASCULAR ANGIOPATHIES 

FIELD OF THE INVENTION 
The present invention concerns the treatment of endothelial cell injury. More particularly, the 
invention concerns the treatment of the endothelium of blood vessels and tissues containing injured blood 
vessels. The invention specifically concerns the prevention or repair of injury to blood vessels, and. in 
particular, the treatment of disorders characterized by microvascular angiopathies, such as thrombotic 
microangiopathies (TMA). The invention also relates to the treatment of kidney diseases associated with 
injury to» or atrophy of, the vasculature of the glomerulus and interetitium, and the treatment of hypoxia or 
hypercapnia or fibrosis arising from injury to the endothelium of the lungs. 

BACKGROUND OF THE INVENTION 
Acute injuries to smaller blood vessels and subsequent dysfunction of the tissue in which the 
injured blood vessels are located (microvascular angiopathies) are a common feature of the pathology of a 
variety of diseases of various organs, such as kidney, heart* and lungs. The injury is often associated with 
endothelial cell injury or death and the presence of products of coagulation or thrombosis. The agent of 
injury may, for example, be a toxin, an immune factor, an infectious agent, a metabolic or physiological 
stress, or a component of the humoral or cellular immune system, or may be as of yet unidentified. 
A subgroup of such diseases is unified by the presence of thrombotic microangiopathies (TMA). and is 
characterized clinically by non-immune hemolytic anemia, thrombocytopenia, and/or renal failure. The 
most common cause of TMA is the hemolytic uremic syndrome (HUS), a disease that more frequently 
occurs in childhood, where it is the most common cause of acute renal failure, but also affects adults where 
more severe clinical course is often observed. Although the pathogenesis of HUS has not been fully 
elucidated, it is widely accepted that the majority of these cases are associated with enteric infection with the 
verotoxin producing strain, K coti 0157. Verotoxins produced by E. coli induce glomerular endothelial cell 
(GEN) injury and generate renal thrombotic microangiopathy in most cases of epidemic HUS (Boyce et al. 
N. Engl. J. Med. 333:364-368 (1995)). Some patients, especially adults, may have a relative lack of renal 
involvement and are sometimes classified as having dtrombotic thrombocytopuuc purpura (TTP). 
Howevei, throii\botic microan^opathies may also occur as a complication of pregnancy (eclampsia), with 
malignant hypertension following radiation to the kidney, after transplantation (often secondary to 
cyclosporine or FK506 treatment), widi cancer chemotherapies (especially mitomycin C), with certain 
infections (e.g., Shigella or HIV), in association with systemic lupus or the antiphospholipid syndrome, or 
may be idiopathic or familial. Experimental data suggest thai endothelial cell injury is a conunon feature in 
the pathogenesis of HUS/TTP. Sec. e.g. Kaplan ct oL, Pediatr. Neobrol. 4:276 (1990). Endothelial cell 
injury triggers a cascade of subsequent events, including local intravascular coagulation, fibrin dq)Osition, 
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and platelet activation and aggregation. The mechanisms that mediate these events are not well understood. 
In the case of verotoxin-mediated HUS. injury to the endothelium leads to detachment and death, with local 
platelet activation and consumption, fibrin deposition and microangiopathic hemolysis. 

The renal corpuscule, commonly refened to as glomerulus, is composed of a capillary network 
5 lined by a thin layer of fenestrated endothelium; a central region of mesangial cells with surrounding 

mcsangial matrix; the visceral epithelial cells and the associated basement membrane; and the parietal layer 
of Bowman capsule with its basement membrane. Between the two epithelial layers, there is a narrow cavity 
called the urinary space. The glomerulus is responsible for the production of an ultrafiltrate of plasma. The 
endothelial cells form die initial bairicr to the passage of blood constituents from the capillary lumen to the 
15 10 urinary space. Under normal conditions, the formed constituents of the blood, such as erythrocytes, 

leukocytes, and platelets, do not gain access to the subendothelial space. In addition, because of their 
negative surface charge, the endothelial cells contribute to the charge-specific properties of the glomerular 
capillary wall. In the kidney, the damage Lo the glomerular and peritubular capillaries and arterioles results 
2Q in ischemia and acute tubular necrosis, and, if severe, may lead to patchy or regional cortical necrosis. For 

1 5 further details sec also Brenner & Rector's: The Kidney, Fifth Ed., Barry M. Brenner ed., W.B . Saunders 
Co., 1996. 

The current treatment of HUS in children consists primarily of supportive therapy (dialysis, 
transfusions and attention lo fluid and electrolyte balance). However, in adults and in refractory cases in 
children the addition of plasma infusion and/or plasma exchange therapy is also performed. Rcmuzzi and 
20 Ruggenenti, Kidnev Int. 42*2-19 (1995). Data lo support plasma exchange thcr^y is not conclusive, but 
uncontrolled trials have suggested a potential benefit, especially in terms of improving the 
thrombocytopenia, anemia, and associated neurologic signs (which consist of confusion, paresthesias, and 
occasionally coma). Most patients recover from the acute episode, although mortality rates of 3-8% are 
occasionally reported. Brandt and Avner, Hemolytic uremic syndrome and thrombotic thrombocytopenia 
25 purpura. In: Neilson and Couscr, cds., Immunologic Renal Diseases . Uppincou-Raven, Philadelphia, 1996. 
pp. 1 1 6 1 - 1 1 8 1 . However, some patients do not recover their renal function fully, and between 20 and 40% 
of patients will develop some degree of renal impairment or hypertension within 10-15 years, with as many 
as half progressing to dialysis. Brandt and Avner, supra. In 1995. HUS accounted for 2,4% of patients on 
dialysis. Patients at risk were those with greater than 50% glomerular involvement, arteriolar disease, or 
30 corUcal necrosis. Habib et ai. Adv. Nephrology 11:99-128 (1982). 
^ There is a great need for new therapeutic agents for the treatment of microvascular angiopathies. 

and in particular, thrombotic microangiopathies fTMA). There is a particular need to find a way to preserve 
cells and maintain normal function of organs within which the blood vessels are undergoing, or have 
undergone, injury. Currently, no therapy has been proposed for the treatment of microvascular angiopathies 
45 35 that is targeted at preventing or reducing endothelial cell injury and stimulating the repair of injured 

endothelial cells. Indeed, most of the agents in clinical use ore either aimed at renraving or infusing 
unknown factors (plasma exchange/plasma infusion), inhibiting platelet action (antiplatelet drugs), or 
blocking the iitraiunc system (steroids and vincristine). 

50 



25 



30 



35 



55 



wo 00/13702 PCT/US9SflO480 

There is further a need for new approaches to the treatment of renal diseases involving injury to the 
glomerular endothelium and the tissues surrounding the injured glomerular blood vessels, and in particular, 
the ueatmem of hemolytic uremic syndrome (HUS). 

5 SUMMARY OF THE INVENTION 

The present invention concerns compositions and methods for the prevention or reduction of 
endothelial celt injury, or the repair of endothelial cells already injured. While the repair of injured 
endothelial cells might be accompanied by the formation of new blood vessels (angiogcncsis), angiogcncsis 
is not considered to be the primary mechanism of the treatoients according to the present invention. 
15 10 In one aspect, the invention concerns a method for the prevention or repair of injury to blood 

vessel s by administering an effective amount of an angiogenic factor or an agonist thereof, or a factor 
stimulating the production of an angiogenic factor. In a particular embodiment, the injury is associated with 
microvascular angiopathy, such as thrombotic microangiopathy (TMA). In a further embodiment, die 
20 invention concerns the Ucatment of microvascular angiopathy, e.g. TMA of the kidney, heart, or lungs. In a 

15 particularly preferred embodiment, the invention concerns the prevention or repair of injury to blood vessels 
in association with hemolytic uremic syndrome (HUS), including thrombotic thrombocytopenic purpura 
(TTP). 

In a particular embodiment, the invention concerns a method for the prevention or repair of injury 
to vascular tissue in combination with other therapies directed at the etiology or vascular injury, such as 
20 antibiotics, corticosteroids or other immunosuppressants, anti-cancer agents, plasma exchange, clot 
dissolving agents, etc. 

In another aspect, the invention concerns a metiiod for the prevention or repair of injury to 
nonvascular tissue associated with injury to blood vessels serving the tissue, by administering an effective 
amount of an angiogenic factor or an agonist thereof, or a factor stimulating the production of an angiogenic 
25 factor. The treatment preferably maintains the normal function of die organ comprising die nonvascular 
tissue, such as kidney, heart, or lungs. 

In a further aspect, the invention concerns a method for die treatment of hemolytic uremic 
syndrome (HUS) by administering to a patient at risk of developing or having diagnosed HUS an effective 
amount of an angiogenic factor, or an agonist thereof, or a factor stimulating the production of an 
30 angiogenic factor. 

^ In yet another aspect, the invention coocems a composition for the prevention or repair of injury to 

blood vessels comprising an effective amount of an angiogenic factor or an agonist thereof, or a factor 
stimulating the production of an angiogenic factor, in admixture with a carrier. 

In a still fiirtiier aspect, the invention concerns a composition for the prevention or repair of injury 

45 35 to nonvascular tissue associated with injury to blood vessels serving said tissue conqsrising an effective 

amount of an angiogenic factor or an agonist diereof , or a factor stimulating ihe production of an angiogenic 
factor, in admixture vnih a carrier. The composition may optionally contain one or more further agents 
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effective in therapies directed al the etiology of vascular injury, such as antibiotic, corticosteroid, or other 

5 

immunosuppressants, anti-cancer agent, clot dissolving agent, etc. 

The invention also concerns an article of nrmnufacture conqirising a 
container, 

5 a composition within the container comprising an angiogenic factor or an agonist thereof, or a factor 

stimulating the production of an angiogenic factor, and 

instructions to use the composition for the prevention or repair of injury to blood vessels. 

The invention further concerns an article of manufacture comprising a 
container, 

15 10 a composition within the container comprising an angiogenic factor or an agonist thereof, or a factor 

stimulating the production of an angiogenic factor, and 

instructions to use the composition for the prevention or repair of injury to nonvascular tissue 
associated with injury to blood vessels serving said tissue. 

In yet another aspect, the invention concerns an article of manufacture comprising a 
IS container, 

a composiUon within the container comprising an angiogenic factor or an agonist thereof, or a factor 
stimulating the production of an angiogenic factor, and 

instructions to use the composition for the treatment of hemolytic uremic syndrome (HUS). 

In a different aspect, the invention concerns a method for the prevention or repair of injury to 
20 vascular endothelial cells, comprising introducing into such endothelial cells a polynucleotide encoding an 
angiogenic or cytoprotective factor, an agonist thereof, or a factor stimulating the production of an 
angiogenic or cytoprotective factor. 

In a further aspect, the invention concerns a method for the prevention or repaff of injury to 
nonvascular tissue associated with injury to blood vessels serving such tissue, comprising introducing into 
25 such nonvascular tissue a polynucleotide encoding an angiogenic factor, an agonist thereof, or a factor 
stimulating the production of an angiogenic factor. 
35 j„ aspects and embodiments, the angiogenic factor may, for example, be a vascular endothelial 

growth factor (VEGF), or a basic or acidic fibroblast growth factor (bFGF or aFGF). The VEGF preferably 
is hVEGFui or hVEGFifis, which may, for example, be in homo- or heterodimeric form, and may be 
30 partially or fully unglycosylated. The angiogenic factors, such as VEGF, preferably exert their activity 
40 primarily via effects other than inducing new blood vessel formation. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a schematic representation of the various forms of VEGF generated by alternative 
^5 35 splicing of VEGF mRNA. The protein sequences encoded by each of the eight exons of the VEGF gene are 

represented by numbered boxes. The sequences encoded by exons 6 and 7 are rich in basic amino acid 
residues and confer the ability to interact with heparin and heparin-like molecules. Asterisks indicate 
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N-linkcd glycosylation sites. Exon i and the first part of exon 2 (depicted by a narrower bar) encode ihc 
secretion signal sequence for the protein. 

Figure 2 shows a nucleotide sequence encoding native human VEGFui (SEQ ID NO: 1). 

Figure 3 shows the amino acid sequence of native human VEGFni (SEQ ID NO: 2), 

Figure 4 shows a nucleotide sequence encoding native human VEGFhj (SEQ ID NO: 3). 

Figure 5 shows the amino acid sequence of native human VEGFi« (SEQ ID NO: 4). 

Figure 6 shows a nucleotide sequence encoding native human VEGFitj (SEQ ID NO: 5). 

Figure 7 shows the amino acid sequence of native human VEGFies (SEQ ID NO: 6), 

Figure 8 shows a nucleotide sequence encoding native human VEGFiw (SEQ ID NO: 7). 

Figure 9 shows the amino acid sequence of native human VEGFig9 (SEQ ID NO: 8). 

Figure 10 shows a nucleotide sequence of native human VEGFm6 (SEQ ID NO: 9). 

Figure 1 1 shows the amino acid sequence of native human VEGFjos (SEQ ID NO: 10). 

Figure 12 shows the amino acid sequence of native human VEGFno (SEQ ID NO: 1 1). 

Figure 13 shows the appearance of kidney in a mouse model of renal microvascular endothelial 
injury in the absence (panels A and B) and presence (panels C and D) of rhVEGFui. Panels A and C are 
pictures of the whole kidney* panels B and D show kidney sections. 

Figure 14 shows the results of histological study of paraffin-embedded, and fixed renal tissue 
sections, stained with the periodic acid/Schiff reagent (PAS) at low and high power, in the absence (panels 
A-C) and presence (panels D and E) of rhVEGFui. 

Figure ISA shows the results of o-smooth muscle actin (a-SMA) staining in tissue sections of the 
cortex of non-VEGF treated rats. 

Figure 15B shows the results of a-SMA staining in tissue sections of the cortex of VEGF treated 
rats, and illustrates that VEGF treatment preserves large blood vessels. 

Figure 15C shows the results of cNOS staining in tissue sections of the medulla of non-VEGF 
treated rats. 

Figure I5D shows the results of eNOS staining in tissue sections of the medulla of VEGF treated 
rats. In contrast to the non-VEGF treated animals (15C). a large number of eNOS positive vessels were 
distributed in vascular bundles in the VEGF-trcatcd group. 

Figure 15E shows the results of RECA-1 staining in the glomeruli of VEGF treated rats. 
Figure 16 shows that VEGF infusion stimulates capillary remodeling and angiogcnesis in the HUS 
model. (A) noimal pattern of cndothcUal staining; (B) endo&clial staining 24 hours after injury; (Q 
recovery of capillary density in vehicle-treated rats; (D) recovery of capillary density in VEGF-treated rats. 

DETAH-ED DESCRIPTtON OF THE INVENTION 

The phrase "angiogenic factor", as used herein, refers to any molecule (including polypeptides, 
peptides and small molecules), capable of promoting die growth of new blood capillary vessels from 
existing endothelium (angiogcnesis) » and/or increasing vascular permeability. Angiogenic factors include. 



but are not limited to, vascular endothelial growth factors (VEGFs) in all fonns, including native sequence 
VEGF molecules from any animal species, including humans, and their functional derivatives, fibroblast 
growth factors (FGFs), such as acidic and basic fibroblast growth factors (aFGFs and bFGFs) in all forms, 
including native sequence FGF molecules from any animal species, including humans, and their functional 
derivatives, and VEGF-related molecules, such as PIGF, VEGF-B, and VEGF<yVRP, including all native 
sequence forms from any animal species^ including humans and other mammalian species, such as murine, 
bovine, equine, porcine, ovine, canine, or feline, and their functional derivatives. The definition specifically 
includes homo- and hetcrodimcric forms of Uicsc and related molecules, where dimerization is required for 
biological activity. 

The phrase "factor that stimulates the production of an angiogenic factor**, and grammatical 
equivalents thereof, are used in the broadest sense, and include compounds (native and variant polypeptides 
and peptides, small molecules, antibodies, etc.) that stimulate the expression of angiogenic factors, or 
receptors of angiogenic factors, regardless of the mechanism by which this stimulation is achieved. Such 
factors include, for example, platelet derived growth factors (PDGF) in all forms, transforming growth 
factors (TGF) in all forms, interleukin-1 (IL-1), interIcukin-6 (IL^), insulin-like growth factor QGF) in all 
forms, hcparin-binding epidermal growth factor, epidermal growth factor (EGF). adenosine, prostaglandins, 
or agents that activate protein kinase C, protein kinase A, or ras GTPasc activating proteins. The 
designations of the listed angiogenic factors specifically include all naturally occurring forms from any 
animal species, including humans and other mammalian species, such as murine, bovine, equine, porcine, 
ovine, canine, or feline, and functional derivatives thereof. 

The term "vascular endothelial growth factor" or "VEGF' as used herein refers to any naturally 
occurring (native) forms of a VEGF polypeptide (also known as 'Vascular pcrn>eability factor" or "VPF') 
from any aiumal species, including humans and other mammalian species, such as murine, bovine, equine, 
porcine, ovine, canine, or feline, and functional derivatives thereof. "Native human VEGF* consists of two 
polypeptide chains generally occurring as homodimers. Each monomer occurs as one of five known 
isoforms, consisting of 121. 145, 165, 189, and 206 amino acid residues in length. These isoforms will be 
hereinafter referred to as hVEGFm, hVEGFi4s, hVEGFiej. hVEGF,», and hVEGF»6. respectively. An "r" 
prefix before the designation of any VEGF species means that it has been produced by recombinant DNA 
technology. For example, rhVEGFui refers to recombinant human VEGFui- Similarly to the human 
VEGF. "native murine VEGF' and "native bovine VEGF' are also known to exist in several isoforms, 120, 
164, and 188 amino acids in length, usually occurring as homodimcrs. Widi the exception of hVEGFm. all 
native human VEGF polypeptides are basic, hcparin-binding molecules. hVEGFui is a weakly acidic 
polypeptide that does not bind to heparin. These and simihu native forms, whether known or hereinafter 
discovered are all included in the definition of **naiive VEGF' or "native sequence VEGF'. regardless of 
their mode a preparation, whether isolated from nature, synthesized, produced by methods of recombinant 
DNA technology, or any combination of these and other techniques. The term "vascular endothelial growth 
factor" or "VEGF' includes VEGF polypeptides in monomeric, homodimcric and hetcrodimeric forms. The 
definition of "VEGF' also includes a 1 10 amino acids long human VEGF species (hVEGFno), and its 
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homologues in other mammalian species* such as murine, bovine, equine, porcine, ovine, canine, or feline, 
and functional derivatives thereof. In addition, the term *'VEGF' covers chimeric, dimeric protems. in 
which a portion of the primary amino acid structure corresponds to a portion of cither the A-chain subunii or 
the B-chain subunit of platelet-derived growth factor, add a portion of the primary amino acid structure 
5 corresponds to a portion of vascular endothelial growth factor. In a particular embodiment, a chimeric 
10 molecule is provided consisting of one chain comprising at least a portion of the A- or B-chain subunit of a 

platelct-dcrivcd growth factor, disulfide linked to a second chain comprising at least a portion of a VEGF 
molecule. More details of such dimcrs arc provided, for example, in U.S. Patent Nos. 5.194.596 and 
5,2 19,739 and in European Patent EF-B 0 484 401 , the disclosures of which arc hereby expressly 
15 1 0 incorporated by refcreiicc. The nucleotide and amino acid sequences of hVEGFni and bovine VEGFijo are 

disclosed, for example, in U.S. Patent Nos. 5,194,596 and 5,219,739, and in EP 0 484 401 . hVEGFuj is 
described in PCT Publication No. WO 98/ 1 007 1 ; hVEGFiej is described in U.S. Patent No. 5,332,67 1 ; 
hVEGF,89 is described in U.S. Patent No. 5,240,848; and hVEGFa* is described in Houck ct al,_M2L 
2Q Endocrinol. i:l 806-1 8 14 (1991). Other VEGF polypeptides and polynucleotides have been described, 

1 5 including, for example, zvegf2 (PCT Publication No. WO 98/248 1 1 ), and VRP (PCT PublicaUon No. 
WO 97/09427), and are also encompassed by the term VEGF. For the disclosure of the nucleotide and 
amino acid sequences of various human VEGF isofonns sec also Leung et aL, Science 246: 1306-1 309 
(1989); KeckgfoiL. S£i£D££ 246:1309-13 12 (1989); Tisher etal, I Biol. Chgm. 266:11947-11954 (1991); 
EP 0 370 989; and PCTT publication WO 98/10071, Forms of VEGF are shown schematically in Figure 1. 
20 Figures 2- 1 1 (SEQ ID NOs: 1-10) show the nucleotide and amino acid sequences of various VEGF species. 

The phrase "functional derivative" is used to refer to fragments, amino acid sequence variants, 
glycosylation variants, and derivatives of a native sequence angiogenic factors, such as VEGF, as long as 
they retain the qualitative ability of a corresponding native molecule (e.g. VEGF) to prevent, reduce and/or 
reverse endothelial cell injury, preferably, but not necessarily, involving a mechanism other than the 
25 Induction of new blood vessel formation (aagiogcncsis). 

"Fragments" comprise regions within the sequence of a mature native polypeptide, and include, but 
arc not limited to, proteolytic fragrr»ents, such as VEGFno- 

Functional derivatives specifically include amino acid sequence variants of native angiogenic 
factors. The term "amino acid sequence variant" or *Varianf ' refers to angiogenic factor molecules with 
30 some differences in their amino acid sequences as compared to a corresponding native angiogenic factor, 
40 such as VEGF. Ordinarily, the variants will possess at least about 80% amino acid sequence identity, more 

preferably at least about 85% amino acid sequence identity, even more preferably at least about 90% amino 
acid sequence identity, most preferably at least about 95% amino acid sequence identity with a native 
angiogenic factor, such as a native sequence VEGF polypeptide. The amino acid sequence variants falling 
45 35 within the scope of this invention possess substitutions, deletions, and/or insertions at certain positions of 

the corresponding native molecule. 

Substitudonal variants arc those that have at least one amino acid residue in the native sequence 
removed and replaced by a different amino acid. The substitutions may be single, where only one amino 
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acid in the molecule has been substituted, or they may be multiple, where two or more amino acids have 
been substituted in the same molecule. Substantial changes in the activity of the native angiogenic factor 
(c.g. VEGF) molecule would be expected by substituting an amino acid with a side chain that is significantly 
different in charge and/or stniciure from that of the native polypeptide backbone and/or the charge or 
hydrophobicity of the molecule in the area of the substitution. Moderate changes in the activity of the 
angiogenic factor (c.g. VEGF) molecule would be expected by substituting an amino acid with a side chain 
that s similar in charge and/or structure to that of the amino acid present at the same site in the 
corresponding native angiogenic factor (e.g.VEGF). Substitutional variants of the VEGF molecules herein 
specifically include variants in which one or more native cysteine residues not required for biological 
activity are substituted by a different residue, preferably serine. Substitution of one or more cysteine 
residues reduces the opportunity for intra- and intcrmolecular disulfide bond formation, thereby rendering 
the molecule more stable. There are nine cysteine residues present in hVEGFni, hVEGF,ft5» and the 
corresponding bovine and murine polypeptides. The roost preferred substitutional variant is in which the 
ninth cysteine residue is substituted by serine. Amino acid substitutions can be accomplished by site 
specific mutagenesis of the DNA sequences described herein using well known techniques. See, e.g., Zoller 
and Smith (1982) Nucleic Acids Research 10:6487-6500. The amino acid sequence numbering system used 
herein for VEGF is based on the maUire forms of the protein, i.e. the post-translationally processed forms. 
Accordingly, the residue numbered one in the human proteins is alanine, which is the first residue of the 
isolated, mature forms of these proteins. 

Insert! onal variants are those with one or more amino acids inserted inunedialely adjacent to an 
amino acid at a particular position in the native VEGF molecule. Inunediately adjacent to an amino acid 
means connected to either the alpha-carboxy or alpha-amino functional group of the amino acid. The 
insertion may be one or more amino acids. Ordinarily, the insertion consists of one or two conservative 
amino acids, i.e. annino acids similar in charge and/pr structure to the amino acids adjacent to the site of 
insertion. Insertion of one or more amino acids with a charge and/or structure that is substantially different 
from the amino acids adjacent to the insertion site may also be desirable, if the biological properties are to 
be significantly altered, Insertional variants of angiogenic factors, c.g. VEGF, also include N-tcrminal 
extensions, in which one or more amino acids have been inserted between the initiating methionine and the 
native amino terminal amino acid. 

Deletional variants arc those with one or more amino acids in the native molecule, e.g. VEGF, 
removed. l>eletioiial variants specifically include (VEGF) molecules with N- and/or C-cermioal deletions 
con^ared with the corresponding native (VEGF) molecule, such as ifaVEGFui as produced in Picida 
pastoris, which is truncated by four N-teiminal and one C-terminal amino acid residues compared to the 
native sequence. 

VEGF variants with modifications in the C-terminal heparin binding domain, as disclosed in 
WO 98/36075. the disclosure of which is hereby expressly incorporated by reference, are specifically within 
the scope of the VEGF "amino acid sequence variants** of the present invention, 
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Functional derivatives also include glycosylation variants of native angiogenic factors, e.g. VEGF. 
the glycosylation pattern of which differs from the glycosylation pattern of a corresponding native 
angiogenic factor, e.g. VEGF. when expressed in the same host cell, under identical conditions. The VEGF 
glycosylation variants of the present invention, for example, may be unglycosylated, may be present in the 
form of hetcrodimcrs, in which one monomer is unglycosylated and the other in glycosylated, or the two 
monomers are differently glycosylated, or may lack one or more native glycosylation sites, and/or one or 
more glycosylation sites in addition to those present in a corresponding native VEGF polypeptide, 
Inu-oduction of an N-Iinkcd glycosylation site requires a tripeptidyl sequence of the formula Asp-X-Ser or 
Asp-X-Thr. wherein X is any amino acid other than proline (Pro), which prevents glycosylation. If O-linked 
glycosylation is required, O-glycosidic linkage occurs between N -acetylgalactosamine, galactose, or xylose 
and one of several hydroxyamino acids, most commonly serine or threonine, or 5-hydroxyprolinc or 
5-hydroxylysinc residue placed in the appn^ate region of the molecule. Expression of the DNA sequence 
encoding hVEGFm results in approximately 50% of the molecule modified at position 75 by N-linked 
glycosylation. There have been identified dimeric protein species in which both subunits arc glycosylated or 
unglycosylated, and dimers in which one of the subunits is glycosylated and the other is unglycosylated. 
VEGF, and other angiogenic factors, are produced in an unglycosylated form when expressed in £ coli. All 
of such glycosylation variants are specifically within the scope herein. 

"Covalcnt derivatives" arc also included within the meaning of functional derivatives. Covalent 
modifications may be introduced into the molecule by reacting targeted amino acid residues with an organic 
dcrivatizing agent that is capable of reacting with selected side chains or terminal residues. Further details 
of such covalent modifications are provided, for example, in U.S. Patent No. 5,332,671. the disclosure of 
which is hereby expressly incorporated by reference. 

"Sequence identity", is defined as the percentage of amino acid residues in a candidate sequence 
that are identical with the amino acid residues in a native polypeptide sequence, after aligning the sequences 
and introducing gaps, if necessary, to achieve die maximum percent sequence identity, and not considering 
any conservative substitutions as part of the sequence identity. The % sequence identity values are 
generated by the NCBI BLAST2.0 software as defined by Altschul et ai, (1997). "Gapped BLAST and 
PSI-BLAST: a new generation of protein database search programs". Nucleic Acids Res.. 25:3389-3402. 
The parameters arc set to default values, with the exception of the Penally for mismatch, which is set to -1. 

The phrase "stimulators of angiogenic factors" aivd its grammatical variants are used to refer to 
factors thai stimulate the production of angiogenic factors, or their receptors, and include, but are not limited 
to, platelet derived growth factors (PDGFs), transfoniiing growth factors (e.g. TNF-a and -P), intcrieuldn-l 
(lL-1), interleukin-2 (E^2), insulin-like growth factors (IGFs), hcparin-binding epidermal growth factors 
(HBEGFs), epidermal growth factors (EGFs), adenosine, prostaglandins, agents that activate protein kinase 
C, protein.kinase A, or nis GTPase activating proteins and their agonists. 

The term "agonist" is used in the broadest sense and includes any molecule that mimics a biological 
activity of a native polypeptide angiogenic factor, such as VEGF, disclosed herein. Siutable agonist 
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molecules specifically include agonist antibodies or antibody fragmenU, fragments or amino acid sequence 
variants of native angiogenic polypeptides, peptides and small organic molecules. 

A "small molecule" is defined herein to have a molecular weight below about 500 daltons. 
"Native antibodies'* and "native immunoglobulins" art usually heterotetramcric glycoproteins of 
5 about 150,000 daltons, composed of two identical light (L) chains and two identical heavy (H) chains. 
^0 Each light chain is linked to a heavy chain by one covalent disulfide bond, while the number of disulfide 

linkages varies among the heavy chains of different immunoglobulin isotypes. Each heavy and light chain 
also has regularly spaced intrachain disulfide bridges. Each heavy chain has at one end a variable domain 
(Vh) followed by a number of consUinl domains. Each light chain has a variable domain at one end (VJ 
15 1 0 and a constant domain at its other end; the constant domain of the light chain is aligned with the first 

constant domain of the heavy chain» and the light-chain variable domain is aligned with the variable domain 
of the heavy chain. Particular amino acid residues are believed to form an interface between the light- and 
heavy-chain variable domains. 

2Q Depending on the amino acid sequence of the constant domain of their heavy chains , 

1 5 immunoglobulins can be assigned to different classes. There are five major classes of immunoglobulins: 
IgA. IgD, IgE, IgG, and IgM. and several of these may be further divided into subclasses (isotypes), e.g.. 
IgG 1 . IgG2. IgG3, IgG4, IgA, and IgA2. The heavy-chain constant domains that correspond to the different 
classes of immunoglobulins are called a. 6, e, y and n, respectively. The subunit structures and three- 
dimensional configurations of different classes of immunoglobulins are well known. 
20 The term " variable" refers to the fact that certain portions of the variable domains differ 

extensively in sequence among anUbodies and are used in the binding and specificity of each particular 
antibody for its particular antigen. However, the variability is not evenly distributed throughout the variable 
domains of antibodies. It is concentrated in three segments caUcd complementarity-determining regions 
(CDRs) or hypervariable regions both in the lighKhain and the heavy-chain variable domains. The more 
25 highly conserved portions of variable domains are called the framework (FR). The variable domains of 
native heavy and light chains each comprise four FR regions, largely adopting a ^-shect configuration, 
connected by three CX)Rs, which form loops connecting, and in some cases forming part of. the p-sbeet 
structure. The CDRs in each chain are held together in close proximity by the FR regions and, with the 
CDRs from the other chain, contribute to the formation of the antigen-binding site of antibodies (see Kabat 
30 et at, NIH Publ No.9J-3242, Vol. I, pages 647-669 (1991)). The constant domains are not involved 

direcdy in binding an antibody to an antigen, but exhibit various effector fimctions, such as participation of 
the antibody in antibody-dependent cellular toxicity. 

The term "hypervariable region*' when used herein refers to the amino acid residues of an antibody 
which arc responsible for antigen-binding. The hypervariable region comprises amino acid residues from a 
45 35 "complementarity determining region" to **CDR" (i.e. residues 24-34 (LI), 50-56 {LZ) and 89-97 (L3) in the 

light chain variable domain and 31-35 (HI), 50-65 (H2) and 95-102 (H3) in the heavy chain variable 
domain; Kabat et o/., Sequences of Proteins of Immunological Interest, 5th Ed. Public Health Service, 
NaUonal Institute of Health, Bethcsda, MD. ( 1991]) and/or those residues from a "hypervariable loop" 
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(i.e. residues 26-32 (LI), 50-52 (L2) and 91-96 (L3) in ihc light chain variable domain and 26-32 (HI), 
53-55 (H2) and 96-101 (H3) in the heavy chain variable domain ; aothia and Lcsk, J, Mol Biol 
126:901-917 11987]). 'Tramcwork" or *TR" residues are those variable domain residues other than the 
hypcrvariablc region residues as herein defined. 

The term "aatibody" is used herein in the broadest sense and specifically covers, without limitation, 
intact monoclonal antibodies, polyclonal antibodies, multispecific antibodies bi specific antibodies) 
formed from at least two intact antibodies, and antibody fragments so long as they exhibit the desired 
biological activity. 

"Antibody fragments" comprise a portion of an intact antibody, preferably the antigen binding or 
variable region of the intact antibody. Examples of antibody fragments include, for example. Fab, Fab', 
F(ab')2, and Fv fragments; diabodies; linear antibodies (Zapata ttal . Protein Eng. 8(10): 1057-1062 
[1995]); single-chain antibody molecules; and multispecific antibodies formed from antibody fragrricnts. 

The term "monoclonal antibody" as used herein refers to an antibody obtained fipom a population of 
substantially homogeneous anUbodies, the individual antibodies comprising the population are identical 
except for possible naturally occurring nuitations that may be present in minor amounts. Monoclonal 
antibodies arc highly specific, being directed against a single antigenic site. Furthermore, in contrast to 
conventional (polyclonal) antibody preparations which typically include different antibodies directed against 
different determinants (epitopes), each monoclonal antibody is directed against a single determinant on the 
antigen. The modifier -monoclonal" indicates the character of the antibody as being obtained from a 
substantially homogeneous population of antibodies, and is not to be construed as requmng production of 
the antibody by any particular method. For example, the monoclonal antibodies to be used in accordance 
with the present invention may be made by the hybridoma method first described by Kohler tt at. Nature, 
256:495 [1975], or may be made by recombinant DNA methods (see, e.g., U.S. Patent No. 4,816^67). The 
"monoclonal antibodies" may also be isolated from phage antibody libraries using the techniques described 
in Clacicson etaL, Nature. 352 :624-628 [1991] and Marks etai, J. Mol. Biol .. 222:581-597 (1991). for 
example. 

The monoclonal antibodies herein specifically include "chimeric" antibodies in which the variable 
region of an antibody heavy or light chain is derived from one manunalian species (typically a rodent, e.g. 
mouse, rat or rabbit), while the constant region is derived from a different mammalian species (typically 
human), as well as fiagmenU of such antibodies, so long as Ihey exhibit the desired biological activity 
(U,S, Patent No. 4,816,567; Morrison et ai, Proc. Natl. Aca d. Sci. USA. fil:6851-6855 [1984]). 

"Humanized" forms of non-human (e.g., murine) contain minimal sequence derived from non- 
human immunoglobulin. For the most part, humanized antibodies arc human immunoglobulins (recipient 
antibody) in which residues from a CDR of the recipient are replaced by residues from a CDR of a non- 
hunuui species (donor antibody) such as mouse, rat or rabbit having the desired specificity, affmity, and 
capacity. In some instances, Fv FR residues of the human immunoglobulin are replaced by corresponding 
non-human residues. Furthermore, humanized antibodies may comprise residues which are found neither in 
the recipient antibody nor in the imported CDR or framework sequences. The humanized antibody 
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Optimally also will comprise at least a portion of an immunoglobulin constant region (Fc), typically that of a 
human immunoglobulin. For further details, sec Jones et oL, llflIiir£»^:522-525 (1986); and Rcichmann 
ct ai, Nature . 222:323-329 [1988]. The humanized antibody includes a PR1MATI2ED* antibody wherein 
the antigen-binding region of the antibody is derived from an antibody produced by immunizing macaque 
monkeys vvith the antigen of interest, 

"Single-chain Fv" or "sFv" antibody fragments comprise the Vm and Vl domains of antibody, 
wherein these domains arc present in a single polypeptide chain. Preferably, the Fv polypeptide further 
comprises a polypeptide linker between the Vh and Vl domains which enables the sFv to form the desired 
structure for antigen binding. For a review of sFv see Pluckthun in The Pharmacology of Monoclonal 
Antibodies, vol. 113, Roscnburg and Moore eds.. Springer- Vcrlag, New York, pp. 269-315 (1994). 

The term "diabodies" refers to small antibody fragments with two antigen-binding sites, which 
fragments comprise a heavy-chain variable domain (Vh) connected to a light-chain variable domain (Vl) in 
the same polypeptide chain (Vh - Vl). By using a linker that is too short to allow pairing between the two 
domains on the same chain, the domains are forced to pair with the complementary domains of another 
chain and create two antigen-binding sites. Diabodics are described more fully in, for example, EP 404,097; 
WO 93/1 1 161; and Bollinger et ai. Proc. Natl. Acad. Sci. USA. 90 :6444-6448 (1993). 

A "polynucleotide comprising sequences encoding an angiogenic factor" includes a polynucleotide 
comprising sequences encoding any of the above-mentioned angiogenic factors. Many such polynucleotides 
have been disclosed, including, for exan^le. in the references mentioned above, wherein VEGF 
polypeptides are disclosed. The term encompasses polynucleotide sequences which hybridize under 
stringent hybridization conditions to the disclosed sequences, as long as the polypeptide encoded thereby is 
biologically active. i.c., it increases angiogenesis and/or increases vascular permeability. 

The terms 'Wcctor", ^'polynucleotide vector", "construct" and ^^polynucleotide constnict" are used 
interchangeably herein. A polynucleotide vector of this invention may be in any of several forms, including, 
but not limited to, RNA, DNA, DNA encapsulated in an adenovirus coat, DNA packaged in another viral or 
viral-like form (such as herpes simplex, and AAV), DNA encapsulated in liposomes, DNA complexed with 
polylysine, complexed with synthetic polycaiionic molecules, conjugated with transferrin, complexed with 
compounds such as PEG to immunologically **mask** the molecule and/or increase half-life, or conjugated to 
a non-viral protein, A polynucleotide vector of this invention may be in the form of any of the deli very 
vehicles described herein. Preferably, the polynucleotide is DNA, As used herein, "DNA" includes not 
only bases A. T, C, and G. but also includes any of their analogs or modified forms of these bases, such as 
methylated nucleotides, internucleotide modifications such as uncharged linkages and thioates, use of sugar 
analogs, and nvxlified and/or alternative backbone structures, such as polyamides. 

"Under transcriptional control" is a term well-understood in the art and indicates that transcription 
of a polynucleotide sequence, usually a DNA sequence, depends on its being operably (opcrativcly) linked 
to an element which contributes to the unification of, or promotes transcription. 

A "host cell" includes an individual cell or cell culture which can be or has been a recipient of any 
vector of this invention. Host cells include progeny of a single host cell, and the progeny may not 
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necessarily be completely identical (in morphology or in total DNA complement) to the original parent cell 
due to natural, accidental, or deliberate mutation and/or change. A host cell includes cells transfected or 
infected in vivo with a vector comprising a polynucleotide encoding an angiogenic factor. 

An "individual" is a vertebrate, preferably a mammal, more preferably a human. 

"Mammal" for purposes of treatment refers to any animal classified as a mammal, including 
humans, domestic and farm animals, and zoo. sports, or pet animals, such as dogs, cats, cattle, horses, sheep, 
pigs, etc. Preferably, the mammal is human. 

An "effective amount" is an amount sufficient to effect beneficial or desired clinical results. An 
effective amount can be administered in one or more administrations. For purposes of this Invention, an 
effective amount of an angiogenic factor is an amount that is sufficient to palliate, ameliorate, stabilize, 
reverse, slow or delay the progression of the disease sute. In a preferred embodiment of the invention, the 
"effective amount" is defined as an amount capable of preventing, reducing or reversing endothelial cell 
injury or injury to the surrounding tissues. 

*Tlcpair" of injury includes complete and partial repair, such as reduction of the injury that has 
already occurred, or partial reinstatement of the functionality of a tissue of organ. 

As used herein, 'Ireatmcnf * is an approach for obtaining beneficial or desired clinical results. For 
purposes of this invention, beneficial or desired clinical results include, but are not limited to, alleviation of 
symptoms, diininishn*ent of extent of disease, stabilized (i.e., not worsening) state of disease, delay or 
slowing of disease progression, amelioration or palliation of the disease state, and remission (whether partial 
or total), whether detectable or undetectable. "Treatment" can also mean prolonging survival as compared 
to expected survival if not receiving treatment •Treatment" refers to both therapeutic treatment and 
prophylactic or preventative measures. Those in need of treatment include those already with the disorder 
as well as those in wliich the disorder is to be prevented. In a preferred embodiment, "treatment*' in the 
context of the present invention is an intervention performed with the intention of preventing the 
development of endothelial cell injury or injury to the surrounding tissues in patients at risk and/or or 
reducing or reversing endothelial cell injury or injury to the suirounding tissue in the patients treated. 

*Talliating" a disease means that the extent and/or undesirable clinical manifestations of a disease 
state arc lessened and/or time course of the progression is slowed or lengthened, as compared to a situation 
without treatment. 

Administration "in combination with" one or more further therapeutic agents includes simultaneous 
(concurrent) and consecutive administration in any order. 

The phrase "hemolytic-uremic syndrome" or *WJS" is used in the broadest sense, and includes all 
diseases and conditions characterized by thrombotic microangiopathic hemolytic anemia and variable organ 
impairment, irrespective of whether renal failure is the predominant feature. The disease is particularly 
frequent in childhood, where it is the most common cause of acute renal failure. However, the phrase, as 
defmed herein, specifically covers a syndrome, typically observed in adults, thai is also referred to as 
thrombotic thrombocytopenic purpura (TTP) and is generally characterized by the predominance of 
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thrombocytopenia and neurologic impainncnl, but has thrombotic microangiopathy as the underlying 
pathologic lesion. 

The term "focal glomerulosclerosis" is used to refer to a condition associated with microvascular 
angiopathy and characterized by the presence of focal sclerosing lesions of the glomeruli of kidney, 
regardless of the underlying cause. Focal glomerulosclerosis is common and used as an indicator of poor 
prognosis in idiopathic nephrotic syndrome, but may also arise secondary to a wide variety of other 
glomerular and multisystem disorders, associated with infections (e.g. human imnmnodeficiency virus (HTV) 
infection), drugs and medications (e.g. drug abuse. NSAID, analgesic abuse), reduced renal mass (e.g. 
inoligonephronia, unilateral renal agenesis, renal dysplasia, etc.), or processes that directly damage 
epithelial cells or induce hemodynamic alterations favoring glomerular sclerosis (e.g. diabetes mellitus, 
hypersensitive arteriosclerosis, postinflanunatory or postnecrotic scarring). 

The term "amyloidosis" refers to a diverse family of chronic infiltrative disorders characterized by 
the presence of extracellular deposits of insoluble fibrillar proteins. Amyloidosis frequently results in the 
development of renal nephrotic syndrome often followed by progressive renal insufficiency. 

The term "glomerulonephritis" or "GN" is used in the broadest sense to include all primary 
glomerular diseases in which the structure or function of the glomerular capillary network is disturbed as a 
result of processes that are largely limited to the kidney. The term specifically includes acute 
glomerulonephritis, rapidly progressive glomerulonephritis, and chronic glomerulonephritis, regardless of 
the causative factors and underiying pathology. 

The term "diabetes" is used in the broadest sense and specifically includes insulin-dependent 
diabetes mellitus (IDDM. type I diabetes), and non-insulin-dependcnt diabetes mellitus (NIDDM, type 11 
diabetes). Patients with IDDM have increased mortality because of vascular complications, partially due to 
endothelial cell injury. 

The phrase "systemic lupus erythematosus" or "SLE", is a secondary glomerular disease, in which 
renal involvement is well documented. It is commonly believed that most patents with SLE have glomerular 
Ig and complenacnl component deposits, and display glomerular lesions, often exhibiting chronic changes, 
such as tubule atrophy, interstitial fibrosis, glomerular sclerosis, fibrous crescents, adhesions and 
arteriosclerosis. 

'^Carriers" as used herein include pharmaceutically acceptable carriers, excipients, or stabilizers 
which are nontoxic to the cell or ouunmal being exposed thereto at the dosages and concentrations 
employed. Often the physiologically acceptable carrier is an aqueous pH buffered solution. Examples of 
physiologically acceptable carriers include buffers such as phosphate, citrate, and other organic acids; 
antioxidants including ascorbic acid; low molecular weight (less than about 10 residues) polypeptide; 
proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic polymers such as 
polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine, arginine or lysine; 
monosaccharides, disaccharidcs. and other carbohydraies including glucose, mannose, or dexirins; chelating 
agents such as EDTA; sugar alcohols such as mannhol or sorbitol; salt-forming counterions such as sodium; 
and/or nonionic surfactants such as TWEEN®. polyethylene glycol (PEG), and PLURO^aCS®. 
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Chronic" administration rcfcre to administration of the ageni(s) in a continuous mode as opposed lo 
an acute mode, so as to mainuin the initial therapeutic effect (activity) for an extended period of time. 

"Intermittent" administration is treatment that is not consecutively done without interruption, but 
rather is cyclic in nature. 
5 General Tcchniaues 

The practice of the present invention will employ, unless olherwisc indicated, conventional 
techniques of molecular biology (including recombinant techniques), microbiology, cell biology, 
biochemistry and immunology, which are within the skill of the art Such techniques are explained fully in 
the literature, such as, 'Tvlolccular Cloning: A Laboratory Manual", second edition (Sambrook et al,. 1989); 
15 10 •'Oligonucleotide Synthesis" (M.J. Gait. cd.. 1984); "Animal Cell Culture" (R.I. Freshney. ed.. 1987); 

'IVIethods in Enzymology" (Academic Press. Inc.); "Handbook of Experimental tomunology" (D.M. Weir 
& CC. Blackwell, cds.); "Gene Transfer Vectors for Mammalian Cells" (J.M. Miller & M.P. Calos, cds.. 
1987); 'XTurrent Protocols in Molecular Biology" (F.M. Ausubcl ct al.. eds., 1987); "PGR: The Polymerase 
20 Chain Reaction", (Mullis et al., eds., 1994); and "Current Protocols in Immunology" (J.E. Coligan ct al., 

15 eds., 1991). 

Modes of cairvine out the invention 

The present invention concerns methods and compositions for the prevention and/or repair of 
injury to blood vessels by the administration of angiogenic factors, their agonists, or factors that stimulate 
the production of angiogenic factors. In a particular embodiment, the invention concerns methods and 
20 compositions for the prevention and/or repair of vascular injury associated with microvascular angiopathy 
and, in particular, thrombotic microangiopathy. The invention further concerns methods and composition.s 
for the prevention and/or repair of injury to nonvascular tissue associated with injury to blood vessels 
serving such tissue via administration of angiogenic factors, their agonists, or factors that stimulate the 
production of angiogenic factors. 
25 A, Angiogenic factors 

Exemplary angiogenic factors have been listed hereinbefore. In general, an angiogenic factor can 
be a biological or chemical compound such as a simple or complex organic or inorganic molecule, a 
peptide, or a protein. A vast array of compounds can be synthesized, for example, oligopeptides, and 
synthetic inorganic and organic compounds based on various core structures, and these are also included. 
30 Preferred angiogenic factors for the purpose of the present invention include, but are not limited to, VEGF. 
aFGF, and bPGF, as hereinbefore defined. 

B. /ymino acid sequence vari ants of native flngiopcnic factors 
Variations in the amino acid sequence of native angiogenic factors, such as native VEGF 
polypeptides, involve substitution, deletion and/or insertion of one or more amino acids in the native 
45 35 polypeptide sequence. Amino acid substitutions can be the result of replacing one amino acid with another 

amino acid having similar structural and/or chemical properties, such as the replacement of a leucine with a 
serine, i.e.. conservative amino acid replacements. Insertions or deletions may optionally be in the range of 
1 to 5 amino acids. The variation allowed may be determined by systematically making insertions, deletions 
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or substitutions of amino acids in the sequence and testing the resulting variants for activity in any assay of 

5 

high blood pressure, such as the assay described in ihc Examples below. 

In a preferred group of amino acid sequence variants, one ore more cysteine residues in the VEGF 
structure is replaced by another amino acid. Such substitution reduced the opportunity for imcrmolccular 
5 and intramolecular disulfide bond formation, thereby rendering the molecule more stable. There arc nine 
cysteine residues present in hVEGFl 20, hVEGFl 65, and in the respective bovine homologues. Of these, 
eight are conserved with PDGR Accordingly, the most preferred analog is in which the ninth cysteine 
residue is substituted by serine. This cysteine residue is presented at position 160 of hVEGFl 65 and 
position 1 1 6 of hVEGFl 2 1 , and the corresponding positions of the bovine forms. Some additional 
15 10 information about variant forms of VEGF molecules is provided in U.S. Patent No. 5,332.671 . Specifically 

included herein are the variant VEGF molecules described in PCT Publication WO 98/36075. the disclosure 
of which is expressly incorporated by reference. Such VEGF molecules contain modifications in the 
C-terminal heparin binding domain that are described to result in ftmctional modification of the 
pharmacokinetic profile, and yield molecules having a reduced clearance rate compared with the 
1 5 corresponding hcparin-binding native VEGF molecule. Preferred embodiments include the replacement of 
positively charged amino acids with negatively charged or neutral amino acids within the heparin-binding 
domain of a heparin-binding VEGF species. In addition, VEGF variants in which portions of the C-terminal 
heparin-binding domain are deleted are included within the scope of the present invention. The variations 
can be made using methods knovm in the art such as oligonucleotide-mediatcd (site-directed) mutagenesis, 
20 alanine scanning, and PGR mutagenesis, or can occur as a result of inherent properties of the host selected 
from recombinant production. Site-directed mutagenesis [Carter ct al., Nwgl. AgitfS RcS.. 13:433 1 (1986); 
Zoller el al., f^ucl. Acids Res.. 1Q:6487 (1987)]. cassette mutagenesis [Wells ct al., Qsns. 24:315 (1985)], 
resuiction selection mutagenesis [Wells et al.. Philos. Trans. R- Soc. London SerA. 212:415 (1986)1 or 
other known techniques can be performed on the cloned DNA to produce the DNA encoding a VEGF 
25 variant 

Scanning amino acid analysis can also be employed to identify one or more amino acids along a 
contiguous sequence. Among the preferred scanning amino acids arc relatively small, neutral amino acids. 
Such amino acids include alanine, glycine, serine, and cysteine. Alanine is typically a preferred scanning 
amino acid among this group because it eliminates the side<hain beyond the beta-carbon and is less likely 
30 to alter the main-chain conformation of the variant [Cunningham and Wells, SsicnCfi* 2^' 1081-1085 
^ (1989)]. Alanine is also typically preferred because it is die most common amino acid. Furtlier. it is 

frequently found in both buried and exposed positions [Creighton, The Proteins. (W Ji Freeman & Co.. 
N. Y,); Chothia, J. Mol. Biol.. 150 :1 (1976)]. If alanine substitution docs not yield adequate amounts of 
variant, an isoteric amino acid can be used. 

45 



20 



25 



30 



35 



50 



16 



55 



wo 00/13702 



P CT/US99/ 20480 



C. Agonists of anpopenic factors 
Antibodies 

Some drug candidates according lo the present invention are agonist antibodies that mimic the 
ability of an angiogenic factor, preferably a VEGF. to prevent and/or repair vascular injury or injury lo 
nonvascular tissue associated with injury to blood vessels serving such tissue. 

Methods of preparing polyclonal antibodies are known in the art. Polyclonal antibodies can be 
raised in a mammal, for example, by one or more injections of an immunizing agent and, if desired, an 
adjuvant. Typically, the immunizing agent and/or adjuvant will be injected in the mammaJ by multiple 
subcutaneous or intraperitoneal injections. It may be useful to conjugate the immunizing agent lo a protein 
known to be immunogenic in the mammal being inununized, such as scrum albumin, or soybean trypsin 
inhibitor. Examples of adjuvants which may be employed include FrcundTs complete adjuvant and 
MPl^TDM. 

According to one approach, monoclonal antibodies may be prepared using hybridoma methods, 
such as those described by Kohler and Milstein, Nature . 25fi:495 (1975). In a hybridoma method, a mouse, 
hamster, or other appropriate host animal, is typically immunized with an immunizing agent to ehcit 
lymphocytes that produce or are capable of producing antibodies that will specifically bind to the 
immunizing agent. Alternatively, the lymphocytes may be immunized in vitro. Generally, cither peripheral 
blood lymphocytes ("PBLs") are used if cells of human origin are desired, or spleen cells or lymph node 
cells arc used if non-hmnan mammalian sources arc desired. The lymphocytes arc then fused with an 
immortalized cell line using a suitable fusing agent, such as polyethylene glycol, to form a hybridoma cell 
[Coding, Monoclonal Antibodies: Princinles and Practice . Academic Press, (1986) pp. 59-103]. 
Immortalized cell lines are usually tmnsfonned mammalian cells, particularly myeloma cells of rodent, 
bovine and human origin. Usually, rat or mouse myeloma cell lines are employed. The hybridoma cells 
may be cultured in a suitable culture medium that preferably contains one or more substances thai inhibit the 
growth or survival of the unfiised, immortalized cells. Preferred immortalized cell lines arc those that fuse 
efficiently, support stable high level expression of antibody by the selected antibody-producing cells, and 
arc sensitive to a medium such as HAT medium. 

The culture medium in which the hybridoma cells are cultured can then be assayed for the presence 
of monoclonal antibodies directed against the particular angiogenic factor used, such as< VEGF. Preferably, 
the binding specificity of monoclonal antibodies produced by the hybridoma cells is determined by 
immimoprecipitation or by an in vitro binding assay, such as radioimmunoassay (RIA) or enzyme- linked 
immunoabsofbent assay (ELIS A). Such techniques and assays are known in die art. The binding affinity of 
the monoclonal antibody can, for example, be determined by the Scatchard analysis of Mimson and PoUard, 



After the desired hybridoma cells are identified, the clones may be subcloncd by limiting dilution 
procedures and grown by standard methods (Coding, supral . Suitable culture media for this purpose 
include, for example. Dulbecco^ Modified Eaglet Medium and RPMI-1640 medium. Alternatively, the 
hybridoma cells may be grown in vivo as ascites in a mammal. 
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The monoclonal antibodies secreted by the subclones may be isolated or purified &om the culture 
^ medium or ascites fluid by conventional immunoglobulin purification procedures such as, for example, 

protein A-Sepharose, hydroxy lapatiie chromatography, gel electrophoresis, dialysis, or affiaity 
chromatography. 

5 Alternatively, monoclonal antibodies may be made by recombinant DNA nwthods. such as those 

10 described in U.S. Patent No. 4,8 16,567. DNA encoding the monoclonal antibodies of the invention can be 

readily isolated and sequenced using conventional procedures (e.g., by using oligonucleotide probes that arc 
capable of binding specifically to genes encoding the heavy and light chains of murine antibodies). The 
hybridoma cells discussed above serve as a preferred source of such DNA. Once isolated, the DNA may be 
^5 10 placed into expression vectors, which are then transfected into host cells such as COS cells, Chinese hamster 

ovary (CHO) cells, or myeloma cells that do not otherwise produce immunoglobulin protein, to obtain the 
synthesis of monoclonal antibodies in the recombinant host cells. 

The antibodies, including antibody fragments, such as Fv, Fab, Fab'. F(ab^ or other antigen- 
binding subsequences of antibodies, may be humanized. Humanized antibodies contain aiinimal sequence 
15 derived from a non-human immunoglobulin. More specifically, in humanized antibodies residues from a 
complementary determining region (CDR) of a human immunoglobulin (the recipient) are replaced by 
residues from a CDR of a non-human species (donor antibody) such as mouse, rat or rabbit having the 
desired specificity, affinity and capacity. In some instances, Fv framework residues of the human 
immunoglobulin are also replaced by corresponding non-human residues. Humanized antibodies may 
20 additionally comprise residues that are found neither in the recipient antibody nor in the imported CDR or 
framework sequences [Jones et al.. Namre . 321:522-525 (1986); Riechmann ct aJ., liallilfi, 322:323-329 
(1988)]. 

Methods for humanizing non-human antibodies are well known in the art Generally, a humanized 
antibody has one or more amino acid residues introduced into it from a non-human source. These non- 
25 human amino acid residues are often referred to as "import" residues, which are typically taken from an 

"import" variable domain. Humanization can be essentially performed following the method of Winter and 
35 co-workers IJones et al.. Nature . 221:522-525 (1986); Riechmann et al.. Nature. 222:323-327 (1988); 

Vcrhoeyen et al., SfiifiQCS. 222:1534-1536 (1988)], by substituting rodent CDRs or CDR sequences for the 
corresponding sequences of a human antibody. In addition, htmian antibodies can be produced using various 
30 techniques known in the art, including phage display libraries [Hoogenboom and Winter. J. Mol. Biol.. 
40 ^:381 nOQlV Marks etal.. J. Mol. Biol.. 222:581 (1991)]. The techniques of Cole ctal. and Bocmcr 

et al. are also available for the preparation of human monoclonal antibodies (Cole et al.. Monoclonal 
Antibodies and Cancer Therai>v. Alan R, Uss, p. 77 (1985) and Boemer et al., J. Immunol.. 147U}:86-95 
(1991)]. Sinularly. human antibodies can be made by introducing of human immunoglobuliii loci into 
35 transgenic animals. c.g.. mice in which the endogenous immunoglobulin genes have been partially or 

completely inactivated. Upon challenge, human antibody production is observed, which closely resembles 
that seen in humans in aU respects, including gene rearrangement, assembly, and antibody repertoire. This 
approach is described, for example, in U.S. Patent Nos. 5.545,807; 5,545,806; 5,569,825; 5.625,126; 
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5,633,425; 5.661,016, and in the following scientific publications: Marks etaL, BiWTwhnolftBY IQ. 779- 
^ 783 (1992); Lonbcrg et al, Nature 368 856-859 (1994); Morrison, 368. 812-13 (1994); Fishwild 

etal. Nature Biotechnology 14. 845-51 (1996); Nrntv-rger Nauire Biotechnology 14. 826 (1996); Lonberg 
and HiKT.flr Tnrftm Rev Immunol. 13 65-93 (1995). 
5 The antibodies may be bispecific, in which one specificity is for an angiogenic factor, and the other 

10 specificity for another protein, such as, a second angiogenic factor, or a different epitope of the same 

angiogenic factor. 

Srr^enin^ assavs for drus candidates 

Screening assays for drug candidates arc designed to identify agonists, such as antibody or small 
15 10 molecule agonists, of the angiogenic factors (e.g. VEGF) used in the methods and compositions of the 

present invenUon. Such scrwniDg assays will include assays amenable to high-ihroughpul screening of 
chemical libraries, making them particularly suitable for identifying small molecule drug candidates. Small 
molecules contemplated include synthetic organic or inorganic compounds, including peptides, preferably 
soluble peptides, (poly)pcptide-immunoglobulin fusions, and antibodies including, without limilation, poly- 
1 5 and monoclonal antibodies and antibody fragments, single-chain antibodies, anti-id ioly pic antibodies, and 
chimeric or humanized versions of such antibodies or fragments, as well as human antibodies and antibody 
fragments. The assays can be perfomied in a variety of formats, including protein-protein binding assays, 
biochemical screening assays, immunoassays and cell based assays, which are weU characterized in the art. 
Preferably, the biological activity of drug candidates is tested in appropriate animal models of the 
20 condition to be treated. The recognition that angiogenic factors find utility in the treatment of thrombotic 
microagiopathy (TMA) is based on studies performed in a rat model of hemolytic uremic syndrome (HUS). 
Until reccnUy, there have not been good animal models of TMA or HUS. This is in part because die major 
toxin causing HUS in man. which is the vcrotoxin {Shiga toxin) produced by £ coU 0157, appears to cause 
endothelial damage by binding to the G3b receptors which are present in human glomerular endothelium but 
25 which ar« not present in rodent kidneys. Rcmuzzi and Ruggencnti, lOdneylnL 47:2-19 (1995). Although 
there have been a few reports of models of glomerular endothelial injury induced by lectins, cyclosporinc, or 
35 other agents, none of these have resulted in a clinical syndrome characteristic of HUS in man. Nangaku et 

al, rnrr. Opin. Neohml. Hvnert. 2: 457-462 (1998). 

Recently, a new model of renal TMA has been developed with many features of HUS by passive 
30 administration of heterologous anti-rat glomerular endothelial cell (anti-GEN) antibody to rats. See, 
40 Nangaku et ai, Kidnev InL SZ- 184-194 (1997); Nangaku et ai, h Am. goc- Ncphr. 2:590-497 (1 998); 

Nangaku et aL, Kidney Int. 52:1570-1578 (1997). The antibody was generated by immunizing a goat with 
whole rat glomerular endothelial cells that has been growth in culture, and resulted in high titers of antibody 
with reactivity to glomerular and. to a lesser extent, other microvascular and macrovascular endothelial cells 
35 in the rat. Infusing this antibody into the rend artery of rats (range 20-80 mg/kg) results in glomerular and 
microvascular endothelial cell injury and apoptosis, focal detachment, platelet activation and localization, 
and mbular injury. The rats have a significant faU in circulating platelet counts and hemalocriu and show 
microangiopathic changes on peripheral blood smear. If the control non-perfused kidney is surgically 
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removed at the time of the infusion, then the rats will develop npid onset of renal failure (Nangaku et ai. 
Kidney Int 52: 1 84-194 (1997)), This animal model was used for testing hVEGF,2i but is equally suitable 
for testing the biological activity of ftirther angiogenic factors, including VEGF variants, their agonists, and 
factors that stimulate the production of angiogenic factors. Funher details of using the rat model of HUS 
will be apparent from the examples provided hercinbelow. 

As noted before, microvascular injuries occur in a variety of disorders characterized by injury to 
smaller vessels and subsequent dysfunction of the tissue in which those blood vessels arc located. The 
injury is often associated with endothelial cell death and the presence of products of coagulation or 
thrombosis. The agent of injury may be a toxin, immune factor, an infectious agent, a metabolic or 
physiological stress, a component of the humoral or cellular immune system, or may be as yet unidentified. 
Thrombotic microangiopathies may also occur as a complication of pregnancy (eclampsia), malignant 
hypertension, etc. Such microvascular injuries (including thrombotic microangiopathies) may develop in 
various organs, such as kidney, heart, and lungs. 

The present invention is particularly directed to the treauncni (including prevention) of injury to 
blood vessels and to the treatment (including prevention) of injury to tissues containing such blood vessels, 
in conditions where the endothelial cell injury is mediated by known or unknown toxins, such as occurs in 
hemolytic uremic syndrome (HUS), toxic shock syndrome, exposure to venoms, or exposure to chemical, 
medicinal, or immunological toxins, and in conditions where the endothelial cell injury is mediated by 
hypertension. 

The invention further concerns the treatment (including prevention) of kidney diseases associated 
with injury to, or atrophy of, the vasculature of the glonrwrulus and interstitium. 

The invention also concerns the treatment (including prevention) of injury to the endothelium of 
blood vessels, and for the treatment (including prevention) of injury to tissues containing such injured blood 
vessels in diseases associated with hypcrcoagulable states, platelet activation or aggregation, thrombosis, or 
activation of proteins of the clotting cascade, or in activation of coagulation or platelet aggregation such as 
preeclampsia, thrombotic thorabocyiopemc purpura (TTP), disseminated intravascular coagulation, sepsis, 
pancreatis. 

The invention also provides methods for the treatment (including prevention) of injury to blood 
vessels or injury to the surrounding tissue adjacent to injured blood vessels arising as a result of diminished 
blood flow due to decreased blood pressure, or fiill or partial occlusion of the blood vessel, dtie to 
atherosclerosis, thrombosis, mechanical trauma, vascular wall dissection, surgical dissection, or any other 
impediment to normal blood flow or pressure. Specifically, the invention provides methods for the 
treatment (including prevention) of acute renal failure, myocardial infarction with or without accompanying 
thrombolytic therapy, ischemic bowel disease, transient ischemic attacks, and stroke. 

The invention also provides methods for the treatment (including prevention) of hypoxia or 
hypercapnia or fibrosis arising firom injury to the endothelium of the lungs occasioned by injurious immune 
stimuli, toxin, exposure, infection, or ischemia, including but not limited to acute respiratory distress 
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syndrome, toxic alveolar injury, as occurs in smoke inhalation, pneumonia, including viral and bacterial 
infections, and pulmonary emboli. 

The invention ftnthcr provides methods and ntwans for the treatment )incliKling prevention) of 
pulmonary dysfunction arising from injury to the pulmonary endothelium, including disorders arising from 
birth prematurity, and primary and secondary causes of pulmonary hypertension. 

The methods disclosed herein can also be used for the treatment of wounds arising from any 
injurious breach of the dermis with associated vascular injury. 

The invention also provides methods for the treatment (including prevention) or injury to the 
endothelium and blood vessels, and for the Uieatment (including prevention) of injury to tissues containing 
injured blood vessels, due to injurious immune stimuli, such as immune cytokines, inunune complexes, 
proteins of the complement cascade, including but not restricted to diseases such as vasculitis of all types, 
allergic reactions, diseases of immediate and delayed hypersensitivity, autoimmune diseases. 

The methods of the present invention further useful in the preservation or enhancement of function 
of organ allografts, including but not restricted to transplants of kidney, heart, liver, lung, pancreas^ skin, 
bone, intestine, and xenografts. 

Specific kidney diseases that may be treatable by using the methods of the present invention 
include HUS, focal glomerulosclerosis, amyloidosis, glomerulonephritis, diabetes, SLE, and chronic 
hypoxia/atrophy. 

Delivery vehicles c omorismP oob/nucleotides encodins an aneiogenk factor 
The present invention also provides delivery vehicles suitable for delivery of a polynucleotide 
encoding an angiogenic factor into cells (whether in vivo, ex vivo, or in vitro). Generally, a polynucleotide 
encoding an angiogenic factor will be opcrably linked to a promoter and a heterologous polynucleotide. A 
polynucleotide encoding an angiogenic factor can be contained within a cloning or expression vector, using 
methods well known in the art, or within a viral vector. These vectors (especially expression vectors) can in 
turn be manipulated to assume any of a number of forms which may, for example, facilitate delivery to 
and/or entry into a target cell. Delivery of the polynucleotide constructs of the invention to cukaryotic cells, 
partictilarly to manunalian cells, more particularly to distal tubule cells of the kidney, can be accomphshed 
by any suitable art-known method. Delivery can be accomplished in vivo, ex vivo, or in vitro. 

The invention provides methods and compositions for transferring such expression constructs into 
cells, especially in vivo for performing the methods of the present invention. It is also an object of the 
invention to provide compositions for the treatment (including prevention) of the conditions listed above by 
providing for the prevention or repair of the underlying vascular injury and/or the associated damage to non- 
vascular tissues. 

Delivery vehicles suitable for incorporation of a polynucleotide encoding an angiogenic factor of 
the present invention for introduction into a host cell include non- viral vehicles and viral vectors. Vcrma 
and Somia (1997) Nature 389:239-242. 

A wide variety of non- viral vehicles for delivery of a polynucleotide encoding an angiogenic factor 
are known in the art and are encon^assed in the present invention. A polynucleotide encoding an 
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angiogenic factor can be delivered to a cell as naked DNA (U.S. Patent No. 5,692.622; WO 97/40163). 
Alternatively, a polynucleotide encoding an angiogenic factor can be delivered to a cell associated in a 
variety of ways with a variety of substances (forms of delivery) including, but not limited to calionic lipids; 
biocompatible polymers, including natural polymers and synthetic polymers; lipoproteins; polypeptides; 
polysaccharides; lipopolysaccharides; artificial viral envelopes; metal particles; and bacteria. A delivery 
vehicle can be a microparticle. Mixtures or conjugates of these various substances can also be used as 
delivery vehicles. A polynucleotide encoding an angiogenic factor can be associated non-covalently or 
covalently with these various forms of delivery. Liposomes can be targeted to a particular cell type, e.g., to 
a glomerular epithelial cell. 

Viral vectors include, but are not limited to, DNA viral vectors such as those based on 
adenoviriises, herpes simplex virus, poxviruses such as vaccinia vims, and parvoviruses, including adeno- 
associated virus; and RNA viral vectors, including, but not limited to, the retroviral vectors. Retroviral 
vectors include murine leukemia virus, and Icntiviroscs such as human inununodeficicncy virus. Naldini 
ct al. (1996) Science 272:263-267. 

Non-viral delivery vehicles comprising a polynucleotide encoding an angiogenic factor can be 
introduced into host cells and/or target cells by any method known in the art, such as u^nsfection by the 
calcium phosphate coprccipitalion technique; electroporation; clectropermeabilizalion; liposome-medialcd 
transfection; ballistic transfection; biolistic processes including microparticle bombardment, jet injection, 
and needle and syringe injection; or by microinjection. Numerous methods of transfection are known to the 
skilled worker in the field. 

Viral delivery vehicles can be introduced into cells by infection. Alternatively, viral vehicles can 
be incorporated into any of the non-viral delivery vehicles described above for delivery into cells. For 
example, viral vectors can be mixed with cationic lipids (Hodgson and Solaiman (1996) Nature Biotechnol. 
14:339-342); or lamellar liposomes (Wilson ct al, (1977) Proc. Natl Acad. ScL USA 74:3471; and Faller 
ctal.(1984)y. Virol. 49:269). 

For in vivo delivery, the delivery vchicle(s) can be introduced into an individual by any of a 
number of methods, each of which is familiar in the art 

Pharmaceutical compositions 

Pharmaceutical compositions for use in the methods of the present invention can comprise a 
polynucleotide encoding an angiogenic, or, alternatively, pharmaceutical compositions can comprise an 
angiogenic factor itself. 

Suitable forms, in part, depend upon the use or the route of entry, for example oral, transdermal, 
inhalation, or by injection. Such forms should allow the agent or composition to reach a target cell whether 
the target cell is present in a nuillicellular host or in culture. For example, pharmacological agents or 
compositions injected into the blood stream should be soluble. Other factors are known in the art, and 
include considerations such as toxicity and forms which prevent the agent or composition from exerting its 
effect. 
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Compositions comprising an angiogenic factor or an angiogenic facior-cncoding polynucleotide 
can also be formulated as pharmaceulically acceptable salts {e.g., acid addition salts) and/or complexes 
thereof, Phannaceutically acceptable salts are non-toxic at the concentration at which they arc administered. 
Pharmaceutically acceptable salts include acid addition salts such as those containing sulfate, hydrochloride, 
phosphate, sulfonate, sulfamatc, sulfate, acetate, citrate, lactate, tartrate, mcthancsulfonatc, cthancsulfonate, 
benzcncsulfonate. ;j-toluenesulfonate, cyclolcxylsulfonate, cyclohexylsulfamate and quinate. 
Pharmaceutically acceptable salts can be obtained from acids such as hydrochloric acid, sulfuric acid, 
phosphoric acid, sulfonic acid, sulfamic acid, acetic acid, citric acid, lactic acid, tartaric acid, malonic acid, 
methanesulfonic acid, ethanesulfonic acid, benzenesulfonic acid, p-tolucncsulfonic acid, cyclohexylsulfonic 
acid, cyclohexylsulfamic acid, and quinic acid. Such salts may be prepared by, for example, reacting the 
free acid or base forms of the product with one or more equivalents of the appropriate base or acid in a 
solvent or medium in which the salt is insoluble, or in a solvent such as water which is then removed in 
vacuo or by frceze-drying or by exchanging the ions of an existing salt for another ion on a suitable ion 
exchange resin. 

Carriers or cxcipicnts can also be used to facilitate administration of ihe compound. Examples of 
carriers and excipients include calcium carbonate, calcium phosphate, various sugars such as lactose, 
glucose, or sucrose, or types of starch, cellulose derivatives, gelatin, vegetable oils, polyethylene glycols and 
physiologically compatible solvents. The compositions or pharmaceutical composition can be administered 
by different routes including, but not limited to, intravenous, intraperitoneal, subcutaneous, and 
intramuscular, oral, topical, or transmucosal. 

The desired isotonicity of the compositions can be accomplished using sodium chloride or other 
pharmaceutically acceptable agents such as dextrose, boric acid, sodium tartrate, propylene glycol, polyols 
(such as mannitol and sorbitol), or other inorganic or organic solutes. 

Pharmaceutical compositions comprising an angiogenic factor or a polynucleotide encoding an 
angiogenic factor can be formulated for a variety of modes of administration, including systemic and topical 
or localized administration. Techniques and formulations generally may be found in Remington's 
Pharmaceutical ScUnces. 18th Edition. Mack Publishing Co., Easton, PA 1990. Ss&, Wang and 
Hanson "Parenteral Formulations of Proteins and Peptides: Stability and Stabilizers", Journal of Parenteral 
Science and Technology. Technical Report No. 10. Supp, 42-2S (1988). A suitable administration format 
can best be determined by a medical practitioner for each patient individually. 

For systemic administration, injection is prefenwi, e.g., intramuscular, intravenous, intraperitoneal, 
subcutaneous, intrathecal, or inuracerebrovascular. For injection, the compounds of the invention are 
formulated in liquid solutions, preferably in physiologically compatible buffers such as Hank's solution or 
Ringer's solution. Alternatively, the compounds of the invention arc formulated in one or more excipients 
(e.^., propylene glycol) that arc generally accepted as safe as defined by USP standards. They can, for 
example, be suspended in an inert oil, suitably a vegetable oil such as sesame, peanut, olive oil. or other 
acceptable carrier. Preferably, they are suspended in an aqueous carrier, for example, in an isotonic buffer 
solution at pH of about 5.6 to 7.4. These compositions can be sterilized by conventional sterilization 
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techniques, or can be stcritc filtered. The compositions can contain pharmaceutical ly acceptable auxiliary 
substances as required to approximate physiological conditions, such as pH buffering agents. Useful buffers 
include for example, sodium acetate/acetic acid buffers. A form of repository or "depot" slow release 
preparation can be used so that therapeutically effective amounts of the preparation are delivered into the 
bloodstream over many hours or days following transdermal injection or delivery. In addition, the 
compounds can be formulated in solid form and redissolved or suspended immediately prior to use. 
Lyophilized forms are also included. 

Alternatively, the compounds can be administered orally. For oral administration, the compounds 
are formulated into conventional oral dosage forms such as capsules, tablets and tonics. 

Systemic administration can also be transmucosal or transdermal means, or the molecules can be 
administered orally. For transmucosal or transdermal administration, penetrants appropriate to the barrier to 
be permeated are used in the formulation. Such penetrants are generally known in the art, and include, for 
example, for transmucosal administration, bile salts and fusidic acid derivatives. In addition, detergents can 
be used to facilitate permeation. Transmucosal administration can be, for example, through nasal sprays or 
using suppositories. 

For oral administration, the molecules are formulated into conventional oral administration dosage 
forms such as capsules, tablets, and liquid preparations. 

For administration by inhalation, usually inhalable dry power compositions or aerosol compositions 
are used, where the size of the particles or droplets is selected to ensure deposition of the active ingredient 
in the desired part of the respiratory tract, e.g. throat, upper respiratory tract or limgs. Inhalable 
compositions and devices for their administration are well known in the art For example, devices for the 
delivery of aerosol medications for inspiration are known. One such device is a metered dose inhaler that 
delivers the same dosage of medication to the patient upon each actuation of the device. Metered dose 
inhalers typically include a canister containing a res^oir of medication and propcUant under pressure and a 
fixed volume metered dose chamber. The canister is inserted into a receptacle in a body or base having a 
mouthpiece or nosepiece for delivering aiedication to the patient The patient uses the device by manually 
pressing the canister into the body to close a filling valve and capture a metered dose of medication inside 
the chamber and to open a release valve which releases the captured, fixed volume of medication in the dose 
chamber to the atmosphere as an aerosol mist Simultaneously, the patient inhales through the mouthpiece 
to entrain the mist into the airway. The patient then releases the canister so that the release valve closes and 
the filling valve opens to refill the dose chamber for the next administration of medication. See, for example, 
U.S. Pat No. 4,896,832 and a product available from 3M Healthcare known as Aerosol Sheathed Actuator 
and Cap. 

Another device is the breath actuated metered dose inhaler that operates to provide automatically a 
metered dose in response to the patient's inspiratory effort One style of breath actuated device releases a 
dose when the inspiratory effort moves a mechanical lever to trigger the release valve. Another style 
releases the dose when the delected flow rises above a preset threshold, as detected by a hot wire 
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aDcmometer. Sec. for example, U.S. Pat Nos. 3,187,748; 3,565,070; 3.814,297; 3.826,413; 4^92,348; 
4.648,393; 4,803,978. 

Devices also exist to deliver dry powdered drugs to the patient's airways (see, e.g. U.S. PaL No. 
4,527,769) and to deliver an aerosol by heating a solid aerosol precursor material (see, e.g. U.S. Pat. No. 
4,922,901 ). These devices typically operate to deliver the drug during the early stages of the patient^ 
inspiration by relying on the patient^ inspiratory flow to draw the dr\]g out of the reservoir into the airway or 
to actuate a heating element to vaporize the solid aerosol precursor, 

E)cviccs for controlling particle size of an aerosol are also known, see, for exaniple, U.S. Pat. Nos. 
4.790.305; 4,926,852; 4.677,975; and 3,658.059. 

For topical administration, the compounds of the invention arc formulated into ointments, salves, 
gels, or creams, as is generally known in the art 

If desired, solutions of the above compositions can be thickened with a thickening agent such as 
methyl cellulose. They can be prepared in emulsified foim, either water in oil or oil in water. Any of a wide 
variety of phannaceutically acceptable emulsifying agents can be employed including, for example, acacia 
powder, a non-ionic surfactant (such as a Twecn), or an ionic surfactant (such as alkali polycther alcohol 
sulfates or sulfonates, e.g., a Triton). 

Compositions usefiil in the invention are prepared by mixing the ingredients foUowing generally 
accepted procedures. For example, the selected components can be mixed simply in a blender or other 
standard device to produce a concentrated mixture which can then be adjusted to the final concentration and 
viscosity by the addition of water or thickening agent and possibly a buffer to control pH or an additional 
solute to control tonicity. 

The amounts of various compounds for use in the methods of the invention to be administered can 
be determined by standard procedures. Generally, a therapeutically effective amount is between about 
100 mg/kg and 10 *^ mg/kg depending on the age and size of the patient, and the disease or disorder 
associated with the patient Generally, it is an amount between about 0.05 and 50 mg/kg, preferably I and 
20mg/kg of the individual to be treated. 

For use by the physician, the compositions are provided in dosage unit form containing an amount 
of an angiogenic factor. 

The following examples are provided to illustrate but not limit the invention. All references cited 
throughout the specification, including the examples, are hereby expressly incorporated by reference. 

EXAMPLE I 

Reduction of acute mortality bv VEGF in experimental TMA 

Spraguc Dawley rats (200 g or larger) were anesthetized with cquitiiesin (a combination of 
kcaminc, acepromazinc and xylazine). and then underwent a Iqjarotomy with removal of the left kidney. 
The aorta was then isolated and lies placed around the aorta above and below die ostium of the right renal 
artery. A tic was then placed around the superior mcsentic artery, which is opposite the right renal artery, 
and blood flow to the right kidney was transientiy stopped by the placement of stainless steel clips. The 
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superior was pcrfiiscd with phosphate buffered saline (0.5 ml) to flush the blood out of the kidney, followed 
by 1 ml of 40 mg/kg of a goat anti-ral glomerular endothelial cell antibody (anti-GEN IgG, described in 
Nangaku etaL, Kidnev Int. 52:1570-1578 (1997); see also Nangaku et al, Kidnev InL 52:182-194 (1997) 
and Nangaku et at, Curr. Opin. Nephrol. Hvpcrtens 2:457-462 (1998), describing the model). Following 
the perfusion, renal blood flow was restored (total ischemia time always less than 10 min) and the needle 
removed and bleeding stopped with gelfoam. The wound was then closed and the animal allowed 
recovering under a heated lamp. Beginning one hour after the infusion of the antibody, the rats were 
injected in a blinded manner either hVEGFiji (50 g/kg) or vehicle subcutancously (s.c.) every 12 hours. In 
this smdy, the endpoint was mortality during the first four days, wiiich was assumed to be due to the severe 
renal failure given the marked rise in BUN that occurs in the first 24 hours with this dose (Nangaku et al, 
Curr. Qpin. Nephrol. Hvpert. 7:457-462 (1998). 
The results are shown below. 



These results provide strong and suggestive evidence that VEGF infusion may have the ability to 
reduce acute mortality in experimental TMA. 

EXAMPLE 2 

R^pgtign pf ffQitiffai pgcrosis by VEGp intv?iqn in ywcrimcntftl T^h 

We have ejuunined the effect of hVEGFui to prevent cortical necrosis in the animal model 
described in Example 1. Because of the severity of the diseases and the high mortality in control rats in 
Example 1, the present study was modified such that the nonperfiised kidney was not removed (which 
prevents the development of renal failure due to the presence of a normal kidney). The experiment was 
otherwise performed essentially as described in Exan^lc 1, except that a higher dose of anti-glomerular 
endothelial cell antibody (anti-GEN IgG, 80 mg/kg) was administered by selective perfusion of the right 
kidney through the superior mesentric artery. Earlier studies with this model have demonstrated that both 
cortical and n^uUary infarction would occur when a high dose of anti-GEN antibody was infused. We 
wondered if the eariy administration of VEGF could prevent this complication. We, therefore, injected 
ftiVEGFni (50 lig/kg ) beginning 1 hour after injection of the 80 mg/kg dose of anti-GEN antibody. The 
control animals received PBS. The administration was performed subcutancously, twice a day with 12-hT 
interval at different sites, and continued for 7 days. Rats were anesthetized and underwent renal biopsies 
10 minutes, 4 days and 7 days after the perfusion. Tissue was fixed in methylcamoy's fixative, paraffin 
embedded, sectioned (4-^m) and stained with periodic acid/Schiff reagent (PAS), or processed for 
immunostaining of the following antigens: a-smooth muscle actin (OrSMA, a marker of smooth muscle 
cells) with 1A4 (Sigma Chemical Co); endothelial cells with the RECA-1 antibody (Harian Bioproducts. see 
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also Ntmgaku et at. Kidnev Int. 52:182-194 (1997)); and endothelial nitric oxide synthase (cNOS, NOS m) 
with mouse anti-eNOS antibody (Transduction Labs, Lexington, KY, as previously described in Lombardi 
«f Hypertension 21:1013-1019 (1999)). To confirm the glomerular endothelial binding of the injected 
anli-GEN IgG antibody, immunofluorescence was performed on 4-^m frozen tissue sections obtained 
10 minutes after IgG perfusion using rabbit anti-goat IgG (Cappel, Organ Teknika Corp., Durham, NC) 
(Nangaku et ai. Kidney Int 52: 182-194 (1997), supra). Morphometric analysis of RECA-1 positive 
glomeruli density and a-SMA positive vessels was performed using computer-assisted iniage analysis 
software (Optimas, v. 6.2. Media Cybernetics, Silver Springs, MD) and digitalized images. The % area 
occupied by necrotic tissue was measured at 2 on whole cortex and medulla of each biopsy by measuring 
the percent necrotic areas in PAS-stained sections using the Optimas system described above. The number 
of RECA-1 positive glomeruli and SMA positive vessels was quantified per 5x field in the cortical and 
juxtamedullaiy regions and mean number per mm^ was calculated. 
Results 

At day 7, surface of the perfused kidneys was covered with yellowish white areas with intervening 
reddish area in VEGF non-treated group (Figure 13A). No macroscopic abnormality was observed in non- 
perfused left kidney (not shown). Cut stuface showed patchy yellowish shite areas distributed in cortex as 
well as in nrwduUa (Figure 13B). Cortex immediately under the capsule was relatively preserved. 
Histologically, there were various sizes of typical necrotic areas (Figure 14 A, arrow), which have central 
dead zone composed of necrotic tissues with nuclear loss in glomeruli and tubules (Figure 14B), peripheral 
dead zone with glomerular and tubular nuclear loss and polymorphnuclear cell infiltration (Figure 14B, 
anow), and marginal zone with various degrees of necrosis^ tubular regeneration and fibrosis (Figure 14C). 

Systemic administration of rhVEGFui for 7 days after anti-GEN IgG perfusion resulted in 
elimination of macroscopic evidence of necrosis in roost rats (Fig. 13C, D), In cut surface, necrotic areas 
were distributed mainly in medulla. Histological study showed that necrotic areas became less than 5% in 
cortex and decreased to 36% in medulla (Figure 14D, Table 1). (In non-necrotic areas, about half of the 
glomeruli showed mesangial expansion, while the remaining half looked grossly normal.) Dilation and 
atrophy of tubules were prominent in the outer medulla (Figure 14E). There was no difference in deposition 
of the pathogenic goat IgG between two groups (data not shown). 

rhVEGFi2i administratioD has been foimd to preserve renal vasculature. At day 7, the number of 
glomeruli with intact endothelial lining was larger in the VEGF-treated group than in the control group 
(Table 1 , Figure ISE). In the control group, a-smooth muscle actin (a-SMA) positive vessels (indicating 
arterioles) were rarely observed in the oiedulla (Figure ISA), however, large number of a-SMA positive 
vessels were distributed in vascular bundles in the VEGF-treated group (Figure 15B). C£-SMA positive 
vessels were relatively preserved in superficial cortex in VEGF non-treated group (Figure ISA) but still 
there was a significant decrease in the number of a^SMA positive vessels, when compared to the VEGF- 
treated group CTable 1. Figure ISB). 

We have also monitored the expression of endothelial nitric oxide synthase (eNOS) by 
immunostaining and/or Western at the 4-hour time point In the group receiving anti-GEN antibody only. 
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the cNOS was localized in the endothciium of some arteries, arlerioles, and glomeruli in the cortex and there 
was Uttlc staining of eNOS in the medulla (Figure 15C). In VEGF-trcaied rals, eNOS was widely 
distributed in glomertilar and vascular endothelial cells as well as in tubular epithelial cells and vascular 
bundles in the medulla (Figure 15D). We also examined the number of PCNA-positive cells in the 
5 glomeruli, which did not show significant difference between two groups (Table 1). 

Anti-GEN Anti-GEN + VEGF 
(n=6, day 7) 

15 10 Cortical necrosis (%) 46 ±10 5 ±3* 

MeduUary necrosis {%) 81.3+ 19.0 36.5 ±10,8* 

Nephron number (/mm^) 3.3 ± 1 .3 5.9 ± 0.3* 

OrSMA positive vessels in cortex 9 1 5* 

PCNA positive cells (/glomerulus) 2.4 ± 1.0 2.5 ± 1.8* 



20 

15 



25 



30 



* p<0.05. Renal infarction was measured by computer image analysis of the kidney. Glomerular number 
was calculated as the number of gtomeruU per mm* within the viable portion of the kidney. 



In this model of HUS. injury to the endothelium is mediated by the localization of activated 
20 complement to the endothelial membrane induced by the binding of specific antibody. To determiiie if 
VEGF might exert a protective effect against injury induced by circulating toxins, siKh as complement 
proteins, we examined the effect of VEGFui in vitro, in a model of cell death. Human umbilical vein 
endothelial cells (HUVEC) were plated in tissue culuire wells in routine culture medium supplemented by 
5% fetol bovine serum (FBS). The cells were then placed in scxum free medium* which induced some cell 
25 death as determined by activation of caspas&-3C (Table 2). As shown in Table 2. exposure of cells to 10% 
zymosan-activated rabbit scrum (zymosan activates the complement cascade) demonstrated increased cell 
35 do&th. Cells exposed to VEGF at 50 ng/ml for 4 hrs or 14 hrs prior to exposure to zymosan-activated scrum 

showed complete protection against complement-mediated augmentation of cell injury. 

30 Table 2 

40 

Treatment * increase in cell death 

Activated complement 75 % 

VEGF (4 hrs) + activated complenaent 0 % 

45 35 VEGF (24 hrs) + activated complement 0 % 
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^ The present study demonstrates that administration of rhVEGFui leads to the reduction of 

endothelial cell apoptosis. the preservation of vascular structures including glomerular capillary and 
protection of renal necrosis in a HUS-like model induced by anti-GEN antibody. We also showed thai 
5 rhVEGFiji inhibited endolhciial cell injury induced by activated complemcnl in vitro. Therefore, the 
10 proiecuve effect of VEGF on renal injury is attributed to the prevention of endothelial cell injury in this 

model. It has been reported eariicr that VEGF can prevent cultured endothelial cell apoptosis induced by 
serum starvation (Gerber et al, J. Biol. Chcni. 273:30336-30343 (1998)) or TNF-a (Spyridopoulos et al„ 
J. Mol. Cell Cardiol. 29:1321-1330 (1997) [erratum published in J. Mol. Cell Cardiol. 30:897 (1998)). 
f 5 10 VEGF mhibition resulted in endothelial cell apoptosis and impairment of developmenl or various organs in 

neonates (Gcrbcr et al. Development 126 : 1 149-1 159(1 999)). However, prior to the present work, in adult 
the protective effect of VEGF on endothelial cells has been shown only in tumor tissues. This is the first 
study that indicates the protective effect of VEGF on non-tumor vessels in adults. Another important known 
20 action of VEGF is angiogcnesis, and VEGF has been tested as a potential therapeutic factor for ischemic 

15 diseases in adults. In the present study, however, the number of PC^A positive cells did not show 

significant difference between two groups at day 4 or day 7, In addition, it has been reported thai at least 
two weeks are required to observe an increase in capillary density and blood flow in the ischemic tissue 
treated with VEGF (Takeshita et al, J. Qin. Invest. 22:662-670 (1994)). Thus, it is unlikely to ascribe the 
improvement of r«nal necrosis al day 7 to the enhancement of microvascular regeneration. While we are not 
20 intended to be bound by any particular theory, a possible mechanism of the renal protective effect of VEGF 
is associated with its vasodUatory, anti-platelet and/or anti-coag:ulation actions mediated by NO. We have 
previously observed the transient enhancement of glomerular VEGF and eNOS immunostaining in this 
model at 4-24 hours after the induction of disease (Nangaku et oL, Kidncv Int 52: 182-194 (1997)). 
Glomerular VEGF mRNA level also rose transiendy at 24 hour and became below normal at day 7 
25 (unpubUshed observation). It could be possible, therefore, to consider the elevation of VEGF and NO levels 
as a scff-defense mechanism against die glomerular endothelial injury, which is insufficient to block the 
35 progression of injury. Administration of exogenous VEGF may be a reinforcement of an endogenous 

defense mechaoism. 

30 EXAMPLES 
40 VEGF stimula tes remodeling and tissue repair in a model of TMA 

Essentially in the same animal model described in Example 1, we tested the hypothesis that VEGF 
might be beneficial in rats with estabUshcd TMA. TMA was induced in rats by the selective right renal 
artery perfusion of a lower dose of anti-GEN IgO (30 mg/kg). Twenty-four hours later, rats received 
45 35 rhVEGFni (50 ng/kg, b.i.d) or vehicle (control) daily until day 14. In order to assess the effect of VEGF 

trcatn«nt on kidney fimction in this unilaterally perftised model, the nonperfused (normal) left kidney was 
removed at day 14 and the kidney fimction was measured at day 17, followed by sacrifice and kidney 
biopsy. 
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In conUast to the nonnal paUem of endothelial cell staining (Figure 16A), at 24 hours after injury, 
both GEN and PEN injury were widespread, with large areas showing the absence of endothelial cells 
(Figiire 16B). During the subsequent 10 days, significant recovery of capillary density could be docunventcd 
in vehicle-treated rats (Fig:ure 16C), but capillary density was significantly greater in VEOF-trcatcd rats 
(Figure 1 60). This was associated with increased number of intact glomeruli, preservation of the cortical 
volume, and better renal function (Table 3). Furthermore, although c^)illary repair occurred in control rats, 
VEGF-treated rats showed a greater recovery of capillary density, increased urinary nitrites and increased 
cNOS express! on« as determined by inununostaining (Table 3). 

Table 3 



Parameter VEGF (n=6) Vehicle (n=6) 



Intact glomeruli (>75 % with +GEN stain) (#/nim^) 2.0 ± 0, 1 


1.6±0.l* 


Capillary density (%) 


98.1 ±1.2 


96.0 ±1.2* 


Arteriolar density (#/nim^) 


4.58 ±0.23 


3.25 ±0.4* 


Capillary rarefaction (%) 


1.9±1.2 


4.0 ±1.3* 


Interstitial fibrosis (%) 


10.2 ±3.7 


25.7 ±4.6* 


Cortical thickness (mm) 


1.32 ±0,05 


1.11 ±0.02* 


BUN (mg/dl) 


68 ±8 


172 ±40* 


Urinary nitrites (nmol/d) 


1913 ±180 


786 ± 400* 



* p<0.05 All analyses were performed using midcoronal sections. Capillary density was measured 
as the % of O.t mm^ areas with capillaries noted by computer image analysis sing an endothelial ceU specific 
antibody. Arteriolar density was ineasured by counting the number of a-actin positive arterioles per nun^. 
Capillary rarefaction index is the % of 0.1mm* tissue that lacks capillaries. Interstitial fibrosis was 
measured by computer image analysis. 

Control rats developed microvascular injury, glomerular injury and tubulointerstitial (TI) fibrosis 
and renal failure, VEGF treatment initiated 24 hours after injury was associated with increased renal 
arteriolar and interlobular artery density (4.58 ± 0.23 vs. 3.25 ± 0,38/mm*, p=0.01) in association with less 
glomerular ischemia (0.04 ± 0.01 vs. 0.14 ± 0.04 collapsed glomeruli/mm\ p=0.03). VEGF treatment was 
also associated with decreased TI fibrosis (10.2 ± 3.7 vs. 25.7 ± 4.6%, p=0.03), increased cortical thickness 
(1 .32 + 0.05 vs. 1 .1 1 + 0.02 mm, p<:0.01), and improved renal function (BUN 68 ± 8 vs. 172 + 40 mg/dl, 
P4O.03). VEGF treatment was associated vnih an increased urinary nitrates/niuitcs (NOx) concentration 
(19 13 ± 1 80 vs. 786 + 400 nmol/day, p=0.02). In contrast to the effect of VEGF when it is administered 
one hour after the antibody infusion (Example 1), we noted no effect of VEGF on renal infarction (3.7 ± 1 .7 
vs. t .9 ±_2.2 %, p=cNS). The dose of antibody was chosen to minimize infarction. 
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We conclude chat VEGF treatment initiated after acute TMA is established improves renal function 
and histology. 



In classical epidemic HUS, it is well accepted that vero toxin-induced GEN injury mediates the 
disease. In the present, HUS-Uke models, endothelial cell injury has been induced by selective perfusion of 
the renal artery with anti-GEN antibody. In an ideal animal model of HUS. GEN injury would be induced 
by vcrotoxins. However, endothelial cells are no susceptible to verotoxins in most experimental animals 
and there are potential non-infective causes of HUS in which GEN injury plays pivotal roles in the 
pathogenesis of the diseases (Remuzzi and Ruggenenti. Kidnev Int. 48:2-19 (19951). Therefore, the model 
described in the foregoing examples is believed to be of great significance to examine the pathophysiology 
and treated of HUS. Positive results in diis model are indicative of potential human clinical utility. 

These studies provide strong and suggestive evidence that VEGF infusion may have the ability to 
reduce cortical necrosis in experimental TMA. Given the observation that cortical necrosis is one of the 
major risk factors predicting a poor long term outcome on renal function (Habib et ai^ Adv. Nephrologv 
11:99-128 (1982)), these studies suggest that VEGF may also have a beneficial effect on both acute and 
chronic renal function in HUS and related thrombotic microangiopathies. It has been reported recently that 
GEN injuiy takes place in several forms and that persistent GEN injury may be relevant to the development 
of glomerular sclerosis (Iruela etal,. Am. I. Pathol. 147 :1715-1727 (1995); Kitamura etai, Exp. Nephrol. 
6:328-336 (1998)). Prevention of endothelial cell injury by VEGF may provide a new strategy for the 
treatment of chronic renal disease in the future. 
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Qairos'. 

1 . A method for the prevention or repair of injury to blood vessels comprising administering an effective 
amount of an angiogenic factor or an agonist thereof, or a factor that stimulates the production of an 
angiogenic factor. 

2. The method of claim 1 wherein said blood vessels arc in non-tumor tissues of adults or children. 

3. The method of claim 1 wherein said injury is associated with microvascular angiopathy, 

4. The method of claim 3 wherein said microvascular angiopathy is a thrombolytic microangiopathy 
(TMA). 

5. The method of claim 4 wherein said angiogenic factor is a vascular endothelial growth factor (VEGF)- 

6. The method of claun 5 wherein said VEGF is a native sequence human VEGF. 

7. The method of claim 6 wherein said VEGF is hVEGFui or hVEGF,<is. 

8. The method of claim 7 wherein said VEGF is in dimeric form. 

9. The method of claim 8 whercm at least one monomer within said dimer is unglycosylated. 

10. The method of claim 9 wherein each monoincr within said dimer is unglycosylated. 

1 1. The method of claim 8 wherein said dimer is a heterodimer. 

12. The method of claim 5 wherein said VEGF exerts is activity primarily via effects other than inducing 
new blood vessel formation. 

13. The method of claim 5 wherein said TMA is in the kidney. 

14. The method of claim 13 wherein said TMA is associated with a chronic renal disease, 

15. The method of claim 13 wherein said TMA is associated with an acute renal disease. 
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16. The method of claim 12 for the prevention or treatment of TMA associated with hemolytic uremic 
syndrome (HUS). 

17. The method of claim 16 wherein said HUS is thrombotic thrombocytopenic purpura (TTP). 

18. The method of claim 5 wherein said TMA is in the heart. 

19. The method of claim 5 wherein said TMA is in the lungs. 

20. A method for the prevention or repair of injury to nonvascular tissue associated with injury to blood 
vessels serving sdd tissue, comprising administering an effective amoimt of an angiogenic factor or an 
agonist thereof, or a factor that stimulates the production of an angiogenic factor. 

21. The method of claim 20 wherein said treatment maintains the normal function of an organ comprising 
said nonvascular tissue. 

22. The method of claim 21 wherein said organ is the kidney. 

23. The method of claim 22 uiiich improves renal function after acute TMA. 

24. The method of claim 21 wherein said organ is the heart. 

25. The method of claim 21 wherein said organ is the lungs. 

26. The method of claim 20 wherein said angiogenic factor is a vascular endothelial growth factor (VEGF). 

27. The method of claim 26 wherein said VEGF is a native human VEGF. 

28. The method of claim 27 wherein said VEGF is hVEGFm or hVEGFitj. 

29. A method for the treatment of hemolytic uremic syndrome (HUS) conqirising administering to a patient 
at risk of developing or having diagnosed with HUS an effective amount of an angiogenic factor or an 
agonist thereof, or a factor stimulating the production of an angiogenic factor. 

30. The method of claim 29 wherein said angiogenic factor is a human vascular endothelial growth factor 
(VEGF). 

31. The method of claim 30 wherein said angiogenic factor is hVEGFiji or hVEGFi«. 
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32. A composition for the prevention or repair of injury to blood vessels comprising an effective amount of 
an angiogenic factor or an agonist thereof in admixture with a carrier. 

33. The composition of claim 32 wherein said angiogenic factor is a VEGF. 

34. The composition of claim 33 wherciD said VEGF is hVEGFn, or hVEGFiw. 

35. A composition for the prevention or repair of injury to nonvascular tissue associated with injury to 
blood vessels serving said tissue comprising an effective amount of an angiogenic factor or an agonist 
thereof, or a factor that stimulates the production of an angiogenic factor, in admixture with a carrier. 

36. The composition of claun 35 wherein said angiogenic factor is a VEGF. 

37. The composition of claim 36 wherein said VEGF is hVEGFu, or hVEGF,M. 

38. An article of manufacture comprising a 
container, 

a composition within said container comprising an angiogenic factor or an agonist thereof, or a factor 
that stimulates the production of an angiogenic factor, and 

instructions to use said composition for the prevention or repair of injury to blood vessels. 

39. An article of manufacture comprising a 
container. 

a composition within said container comprising an angiogenic factor or an agonist thereof, or a factor 
that stimulates the production of an angiogenic factor, and 

instructions to use said composition for the prevention or repair of injury to nonvascular tissue 
associated with injury to blood vessels serving said tissue. 

40. An article of manufacture comprising a 
container, 

a composition within said container comprising an angiogenic factor or an agonist thereof, or a factor 
that stimulates the production of an angiogenic factor, and 

instructions to use said composition for the treatment of hemolytic uremic syndrome (HUS). 

41. A method for the prevention or repair of injury to vascular endothelial cells, comprising introducing 
into said endothelial cells a polynucleotide encoding an angiogenic factor, an agonist thereof, or a 
factor stimulating the production of an angiogenic factor. 
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42. A method for the prevention or repair of injury lo nonvascular tissue associated with injury to blood 
vessels serving such tissue, comprising introducing into said nonvascular tissue a polynucleotide 
encoding an angiogenic factor, an agonist thereof, or a factor stimulating (he production of an 
angiogenic factor. 
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hVEGF121 

ATGAACTTTCTGCTGTCTTGGGTGCATTGGAGCCTTGCCTTGCTGCTCTACCTCCACCA 
TGCCAAGTGGTCCCAGGCTGCACCCATGGCAGAAGGAGGAGGGCAGAATCATCACGAAG 
TGGTGAAGTTCATGGATGTCTATCAGCGCAGCTACTGCCATCCAATCGAGACCCTGGTG 
GACATCTTCCAGGAGTACCCTGATGAGATCGAGTACATCTTCAAGCCATCCTGTGTGCC 
CCTGATGCGATGCGGGGGCTGCTGCAATGACGAGGGCCTGGAGTGTGTGCCCACTGAGG 
AGTCCAACATCACCATGCAGATTATGCGGATCAAACCTCACCAAGGCCAGCACATAGGA 
GAGATGAGCTTCCTACAGCACAACAAATGTGAATGCAGACCAAAGAAAGATAGAGCAAG 
ACAAGAAAAATGTGACAAGCCGAGGCGGTGA 

FIG. 2 



hVEGFl21 

MNFLLSWVHWSIJU.LLYLHHAKWSQAAPMAEGGGQNHHEVVKFMDVYQRSYCHPIETLV 
DIFQEYPDEIEYIFKPSCVPLMRCGGCCNDEGLECVPTEESNITMQIMRIKPHQGQHIG 
EMSFLQHNKCECRPKKDRARQEKCDKPRR 

FIG. 3 



hVEGF145 

ATGAACTTTCTGCTGTCTTGGGTGGATTGGAGCCTTGCCTTGCTGCTCTACCTCCACCAT 
CAAGTGGTCCCAGGCT GCACCCATGGCAGAAGGAGGAGGGCAGAATCATCACGAAGTGGT 
AGTTCATGGATGTCTATCAGCGCAGCTACTGCCATCCAATCGAGACCCTGGTGGACATCT 
CAGGAGTACCCTCATGAGATCGAGTACATCTTCAAGCCATCCTGTGTGCCCCTGATGCGA 
CGGGGGCTGCTGCAATGACGAGGGCCTGGAGTGTGTGCCCACTGAGGAGTCCAACATCAC 
TGCAGATTATGCGGATCAAACCTCACCAAGGCCAGCACATAGGAGAGATGAGCTTCCTAC 
CACAACAAATGTGAATGCAGACCAAAGAAAGATAGAGCAAGACAAGAAAAAAAATCAGTT 
AGGAAAGGGAAAGGGGCAAAAACGAAAGCGCAAGAAATCCCGGTATAAGTCCTGGAGCGT 
GTGACAAGCCGAGGCGGTGA 

FIG. 4 
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hVEGF145 

APMAEGGGQNHHEWKFMDVYQRSYCHPIETLVDIFQEYPDEIEYIFKPSCVPLMRCGG 
CCNDEGLECVPTEESNITMQIMRIKPHQGQHIGEMSFLQHNKCECRPKKDRARQEKKSV 
RGKGKGQKRKRKKSRYKSWSVCDKPRR 

FIG. 5 



hVEGF 165 

ATGAACTTTCTGCTGTCTTGGGTGCATTGGAGCCTCGCCTTGCTGCTCTACCTCCACCA 
TGCCAAGTGGTCCCAGGCTGCACCCATGGCAGAAGGAGGAGGGCAGAATCATCACGAAG 
TGGTGAAGTTCATGGATGTCTATCAGCGCAGCTACTGCCATCCAATCGAGACCCTGGTG 
GACATCTTCCAGGAGTACCCTGATGAGATCGAGTACATCTTCAAGCCATCCTGTGTGCC 
CCTGATGCGATGCGGGGGCTGCTGCAATGACGAGGGCCTGGAGTGTGTGCCCACTGAGG 
AGTCCAACATCACCATGCAGATTATGCGGATCAAACCTCACCAAGGCCAGCACATAGGA 
GAGATGAGCTTCCTACAGCACAACAAATGTGAATGCAGACCAAAGAAAGATAGAGCAAG 
ACAAGAAAATCCCTGTGGGCCTTGCTCAGAGCGGAGAAAGCATTTGTTTGTACAAGATC 
CGCAGACGTGTAAATGTTCCTGCAAAAACACAGACTCGCGTTGCAAGGCGAGGCAGCTT 
GAGTTAAACGAACGTACTTGCAGATGTGACAAGCCGAGGCGGTGA 



FIG. 6 



hVEGF165 

MNFIiSW\mwSIJaLLYLHHAKWSQAAPMAEGGGQl^HEVVKFMDWQRSYCHPIET 
DIFQEYPDEIEYIFKPSCVPLMRCGGCCNDEGLECVPTEESNITMQIMRIKPHQGQHIG 
EMSFLQHNKCECRPKKDRARQENPCGPCSERRKHLFVQDPQTCKCSCKNTDSRCKARQL 
ELNERTCRCDKPRR 

FIG. 7 
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hVEGF189 

ATGAACTTTCTGCTGTCTTGGGTGCATTGGAGCCTCGCCTTGCTGCTCTACCTCCACCA 
TGCCAAGTGGTCCCAGGCTGCACCCATGGCAGAAGGAGGAGGGCAGAATCATCACGAAG 
TGGTGAAGTTCATGGATGTCTATCAGCGCAGCTACTGCCATCCAATCGAGACCCTGGTG 
GACATCTTCCAGGAGTACCCTGATGAGATCGAGTACATCTTCAAGCCATCCTGTGTGCC 
CCTGATGCGATGCGGGGGCTGCTGCAATGACGAGGGCCTGGAGTGTGTGCCCACTGAGG 
AGTCCAACATCACCATGCAGATTATGCGGATCAAACCTCACCAAGGCCAGCACATAGGA 
GAGATGAGCTTCCTACAGCACAACAAATGTGAATGCAGACCAAAGAAAGATAGAGCAAG 
ACAAGAAAAAAAATCAGTTCGAGGAAAGGGAAAGGGGCAAAAACGAAAGCGCAAGAAAT 
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